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(54) Light emitting device and optical device using the same 



(57) A light emitting device whicli can be easily man- 
ufactured and can control the positions of light emission 
precisely, and an optical device. A first and second light 
emitting elements are formed on one face of a support- 
ing base. The first light emitting element has an active 
layer made of GaInN mixed crystal on a GaN-made first 
substrate on the side thereof on which the supporting 
base is disposed. The second light emitting element has 



lasing portions on a GaAs-made second substrate on 
the side thereof on which the supporting base is dis- 
posed. Sincethefirstand second light emitting elements 
are not grown on the same substrate, a multiple-wave- 
length laser having the output wavelength of around 400 
nm can be easily obtained. Since the first substrate is 
transparent In the visible region, the positions of light 
emitting regions in the first and second light emitting el- 
ements can be precisely controlled by lithography. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates to a light emitting 
device having a plurality of light emitting elements, and 
an optical device using the same. 

2. Description of the Related Art 

[0002] In recent years, in the field of light emitting de- 
vices, a semiconductor laser (LD; laser diode) in which 
a plurality of light emitting portions of different output 
wavelengths are fomned on the same substrate (or 
board) (hereinafter referred to as a multiple-wavelength 
laser) Is actively developed. An example of such a mul- 
tiple-wavelength laser Is, as shown in Fig. 1, obtained 
by fomning a plurality of light emitting portions of different 
output wavelengths on a single chip (what is called a 
monolithic type multiple-wavelength laser). In the multi- 
ple-wavelength laser, for example, a lasing portion 201 
formed by growing layers of semiconductor materials of 
the system AIGaAs by vapor phase epitaxy and a lasing 
portion 202 fomned by growing layers of semiconductor 
materials of the system AIGalnP are disposed side by 
side on one face of a substrate 21 2 made of GaAs (gal- 
lium arsenide) with an Isolation groove 211 between 
them. In this case, the output wavelength of the lasing 
portion 201 is in the range of the order of 700 nm (for 
example, 780 nm) and that of the lasing portion 202 is 
in the range of the order of 600 nm (for example, 650 
nm). 

[0003] Except for the structure shown in Fig. 1 , a 
structure (what is called a hybrid type multiple-wave- 
length laser) in which a plurality of semiconductor lasers 
LDi and LD2 having different output wavelengths are 
mounted side by side on a board 221 has been also pro- 
posed. The above-mentioned monolithic-type laser is, 
however, more effective in controlling the light emitting 
point inten/als with high accuracy. 
[0004] These multiple-wavelength lasers are used, 
for example, as laser light sources of optical disl< drives. 
At present, In an optical disk drive, semiconductor laser 
light In the range of the order of 700 nm is generally used 
for optical playback of CD (Compact Disk) recording or 
for optical recording/playback using recordable optical 
disks such as CD-Rs (recordable CDs), CD-RWs (rewri- 
table CDs) or MDs (Mini Disks). Semiconductor laser 
light in the range of the order of 600 nm is used for optical 
recording/playback using DVDs (Digital Versatile 
Disks). By mounting a multiple-wavelength laser as de- 
scribed above on an optical disk drive, optical recording/ 
playback becomes possible with respect to any existing 
optical disks. Moreover, the lasing portions 201 and 202 
are disposed side by side on the same substrate (as for 
the semiconductor lasers LD^ and LD2 of the hybrid 



type, on the same board), only one package is neces- 
sary for the laser light source. The number of parts of 
an optical system such as an objective lens and a beam 
splitter for optical recording/playback using various op- 

5 tical disks is decreased to simplify the configuration of 
the optical system. Thus, reduction in size and cost of 
an optical disk drive can be achieved. 
[0005] Meanwhile, in recent years, the demand for 
further growth of optical recording area density by using 

10 semiconductor lasers of shorter output wavelengths has 
been growing. Heretofore known materials of semicon- 
ductor lasers addressing the demand are Group lll-V 
compound semiconductors of the nitride system (here- 
inbelow, also called semiconductors of the system GaN) 

15 typified by GaN, AlGaN mixed crystals, and GaInN 
mixed crystals. Semiconductor lasers using semicon- 
ductors of the system GaN are capable of light emission 
at a wavelength of around 400 nm, which Is regarded 
as the limit wavelength at which optical recording/play- 

20 back is done using an optical disk and an existing optical 
system, and therefore, they receive much attention as 
light sources of next-generation optical recording/play- 
back apparatuses. It is also expected as light sources 
of full-color displays using three primary colors of RGB. 

25 Thus, development of multiple-wavelength lasers with 
lasing portions of the system GaN is desired. 
[0006] As an example of related-art multiple-wave- 
length lasers with lasing portions of the system GaN, as 
shown in Fig. 3, a multiple-wavelength laser Is proposed 

30 in which the lasing portion 201 of the system AIGaAs, 
the lasing portion 202 of the system AIGalnP, and the 
lasing portion 203 of the system GaN are fomned side 
by side on one face of a substrate 231 made of SiC (sil- 
icon carbide) with isolation grooves 211a and 211b be- 

35 tween them (refer to Publication of Japanese Unexam- 
ined Patent Application No. Hei-11 -186651). 
[0007] In the case of fabricating the monolithic type 
multiple-wavelength laser, however, there is a problem 
such that it Is difficult to integrate lasing portions on the 

40 same substrate as one chip due to, for example, a large 
difference in lattice constant between the materials of 
the system GaN and the materials of the system AIGaAs 
or AIGalnP. 

[0008] The hybrid type multiple-wavelength laser has, 
43 as already described, a problem of poor controllability 
on the light emitting point Intervals. The side-by-side ar- 
rangement of three or more semiconductor lasers caus- 
es an inconvenience such that the controllability on the 
light emitting point intervals further deteriorates. 

50 

SUMMARY OF THE INVENTION 

[0009] The invention has been achieved In consider- 
ation of the problems and its object is to provide a light 
55 emitting device which can be easily manufactured and 
can control the position of light emission with accuracy, 
and an optical device using the light emitting device. 
[0010] A light emitting device according to the inven- 
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tion has a plurality of light emitting devices stacked on 
one face of a supporting base. 
[0011] Another light emitting device according to the 
invention has: a supporting base; a first light emitting 
element having a first substrate, provided on one face 
of the supporting base; and a second light emitting ele- 
ment having a second substrate, provided on the side 
of the first light emitting element opposite to the support- 
ing base. 

[0012] An optical device according to the Invention 
has a light emitting device in which a plurality of light 
emitting elements are stacked on one face of a support- 
ing base. 

[0013] In another optical device according to the in- 
vention, a light emitting device is mounted. The light 
emitting device comprises: a supponing base; a first 
light emitting element having a first substrate, provided 
on one face of the supporting base; and a second light 
emitting element having a second substrate, provided 
on the side of the first light emitting element opposite to 
the supporting base. 

[001 4] In the light emitting device according to the in- 
vention and the other light emitting device according to 
the invention, a plurality of light emitting elements are 
stacked on one face of a supporting base. Therefore, 
the devices are easily manufactured and the light emit- 
ting regions are disposed with high precision. 
[0015] In the optical device according to the invention 
and the other optical device according to the invention, 
they have the light emitting device according to the in- 
vention in whteh light emitting regions are disposed with 
high precision. This contributes to size reduction. 
[001 6] Other and further objects, features and advan- 
tages of the invention will appear more fully from the fol- 
lowing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 is a cross section showing an example 
of the configuration of a related-art light emitting device. 
[0018] Fig. 2 is a cross section showing another ex- 
ample of the configuration of a related-art light emitting 
device. 

[0019] Fig, 3 is a cross section showing still another 
example of the configuration of a related-art light emit- 
ting device. 

[0020] Fig. 4 is a cross section showing the configu- 
ration of a light emitting device according to a first em- 
bodiment of the Invention. 

[0021] Fig. 5 Is a partly-exploded perspective view 
showing the configuration of a package In which the light 
emitting device shown In Fig. 4 is enclosed. 
[0022] Figs. 6A and 6B are cross sections for explain- 
ing a method of manufacturing the light emitting device 
shown in Fig. 4. 

[0023] Figs. 7A and 7B are cross sections for explain- 
ing a manufacturing process subsequent to Fig. 6B. 
[0024] Figs. 8A and 88 are cross sections for explain- 



ing a manufacturing process subsequent to Fig. 7B. 
[0025] Figs. 9A and 9B are cross sections for explain- 
ing a manufacturing process subsequent to Fig. 8B. 
[0026] Fig. 1 0 is a diagram showing the configuration 

5 of an optical disk recording/playback apparatus using 
the light emitting device shown in Fig. 4. 
[0027] Fig. 11 is a cross section showing the construc- 
tion of a light emitting device according to a second ern- 
bodiment of the invention. 

10 [0028] Figs. 12A and 12B are cross sections for ex- 
plaining a method of manufacturing a light emitting de- 
vice shown in Fig. 11 . 

[0029] Figs. 13A and 13B are cross sections for ex- 
plaining a manufacturing process subsequent to Fig. 

15 12B. 

[0030] Fig. 1 4 is a cross section for explaining a man- 
ufacturing process subsequent to Fig. 13B. 
[0031] Fig. 15 Is apian view showing a schematic con- 
figuration of a display apparatus using the light emitting 
20 device Illustrated in Fig. 11 . 

[0032] Fig. 1 6 is a diagram showing the configuration 
of a main portion of a driving circuit of the display appa- 
ratus illustrated in Fig. 15. 

[0033] Fig. 1 7 is a cross section showing the conf ig- 
25 uration of a light emitting device according to a third em- 
kwdiment of the Invention. 

[0034] , Figs. 1 8A and 1 88 are cross sections for ex- 
plaining a method of manufacturing the light emitting de- 
vice illustrated in Fig. 17. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Embodiments of the invention will be de- 
35 scribed in detail hereinbelow with reference to the draw- 
ings. 

First Embodiment 

40 [0036] Fig. 4 shows the sectional structure of a light 
emitting device 10A according to a first embodiment of 
the invention. The light emitting device IDA has a sup- 
porting base 11, a first light emitting element 20 dis- 
posed on one face of the supporting base 1 1 , and a sec- 

45 end light emitting element 30 disposed on the side of 
the first light emitting element 20 opposite to the sup- 
porting base 11 . 

[0037] The supporting base 11 is made of a metal 
such as copper (Cu) and serves as a heat sink for dls- 

50 sipating heat generated by the first and second light 
emitting elements 20 and 30. The supporting base 1 1 is 
electrically connected to an external power source (not 
shown) and also has the role of electrically connecting 
the first light emitting element 20 to the extemal power 

55 source. 

[0038] The first light emitting element 20 is, for exam- 
ple, a semiconductor laser capable of emitting light hav- 
ing a wavelength of around 400 nm. The first light emit- 
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ting element 20 has a configuration in which an n-type 
cladding layer 22, an active layer 23, a degradation pre- 
venting layer 24, a p-type cladding layer 25. and a p- 
side contact layer 26 which are made of a Group lll-V 
compound semiconductor of the nitride system are laid 5 
one upon another in the order named on a first substrate 
21 made of a Group lll-V compound semiconductor of 
the nitride system, on the side thereof on which the sup- 
porting base 11 is disposed. The Group lll-V compound 
semiconductor of the nitride system refers to a material 
containing at least one of Group 3B elements in the 
short-period type periodic table and at least nitrogen (N) 
from Group 5B elements In the short-period type peri- 
odic table. 

[0039] Specifically, the first substrate 21 Is made of, 
for example, n-type GaN doped with silicon (SI) as an 
n-type impurity, and Its thickness in the deposition direc- 
tion (herelnbelow, simply referred to as thickness) Is, for 
example, 80 to 100 ^.m. GaN is a transparent material 
In the visible region (about 3B0 to 800 nm). GaN is a 
material having excellent thennal conductivity as high 
as about 1 .3 W/(cm-K). By using the characteristic, the 
first substrate 21 functions as a heat sink which dissi- 
pates heat generated by the second light emitting ele- 
ment 30. 

[0040] The n-type cladding layer 22 is, for example, 1 
^m thick and is made of n-type AIGaN (for example, 
Alo os^^ aa^) "^'xed crystal doped with silicon as an n- 
type impurity. The active layer 23 is, for example, 30 nm 
thick and has a multiple quantum well structure including 
a well layer and a barrier layer made of Ga^ln^.^N 
(where, x > 0) having different compositions. The active 
layer 23 functions as a light emitting portion. 
[0041 ] The degradation preventing layer 24 is, for ex- 
ample, 20 nm thick and Is made of p-type AIGaN (such 
as AIq 2^^0.8^) mixed crystal doped with magnesium 
(Mg) as a p-type impurity. The p-type cladding layer 25 
is, for example, 0.7 ^im thick and is made of p-type AI- 
GaN (such as Alo.o8^^.92N) mixed crystal doped with 
magnesium as a p-type impurity. The p-slde contact lay- 
er 26 is, for example, 0.1 |xm thick and is made of p-type 
GaN doped with magnesium as a p-type impurity. 
[0042] A part of the p-type cladding layer 25, and the 
p-slde contact layer 26 are fomned in a narrow strip 
shape extending in the cavity direction (perpendicular 
direction to the drawing sheet in Fig. 4) so as to produce 
what is called a laser stripe, thereby restricting a current. 
The p-side contact layer 26 is provided in the center por- 
tion in the direction (direction indicated by the arrow A 
in Fig. 4) perpendicularto the cavity direction. Side faces 
of the p-side contact layer 26 and a side of the p-type 
cladding layer 25 opposite to the degradation preventing 
layer 24 are covered with an insulating layer 27 made 
of silicon dioxide (Si02) or the like. The region in the 
active layer 23 corresponding to the p-side contact layer 
26 is a light emitting region. 

[0043] On the side of the p-side contact layer 26 op- 
posite to the p-type cladding layer 25. a p-side electrode 



28 is formed. The p-side electrode 28 is formed by de- 
positing palladium (Pd), platinum (Pt) and gold (Au) in 
order from the p-side contact layer 26 side and is elec- 
trically connected to the p-side contact layer 26. The p- 
side electrode 28 is also electrically connected to the 
supporting base 11 via an adhesive layer 12. The adhe- 
sive layer 1 2 is made of, for example, an alloy of gold 
(Au) and tin (Sn), or tin. 

[0044] On the side of the first substrate 21 opposite 
to the supporting base 11 , an n-slde electrode 29 is pro- 
vided in correspondence with a lasing portion 50, which 
will be described hereinlater. The n-side electrode 29 is 
obtained by, for example, depositing titanium (Ti) and 
aluminum in order from the first substrate 21 side and 
alloying the deposited materials by heat treatment, and 
Is electrically connected to the first substrate 21. The n- 
side electrode 29 also has the function as a wire for con- 
necting the lasing portion 50 to the external power 
source. On the side of the first substrate 21 opposite to 
the supporting base 11, a wiring layer 13 for electrical 
connection to a lasing portion 40 of the second light 
emitting element 30 is formed with an insulating film 14 
in between. The wiring layer 1 3 is made of, for example, 
a metal. Details of the lasing portion 40 will be given 
hereinlater. 

[0045] Further, a pair of side faces at the ends in the 
cavity direction of the first light emitting element 20 serve 
as two end planes of the cavity. A pair of reflecting mirror 
films (not shown) are fomfied on the pair of end planes 
of the cavity. One of the pair of reflecting mirror films is 
set so as to reflect light produced in the active layer 23 
at high reflectance, and the other film is set to reflect 
light at reflectance lower than the above reflectance, so 
that light goes out from the other film. 
[0046] The second light emitting element 30 has, for 
example, a second substrate 31, the lasing portion 40 
and the lasing portion 50. The lasing portion 40 is capa- 
ble of emitting light in the range of the order of 700 nm 
(for example, 780 nm) and is formed on the second sub- 
strate 31 on the side thereof on whk:h the supporting 
base 11 is disposed, with a buffer layer 32 in between. 
The lasing portion 50 is capable of emitting light in the 
range of the order of 600 nm (for example, 660 nm) and 
is fonmed on the second substrate 31 on the side thereof 
on which the supporting base 11 is disposed, with the 
buffer layer 32 In between. The second substrate 31 is, 
for example, about 100 jxm thick and is made of n-type 
GaAs doped with silicon as an n-type impurity. The buff- 
er layer 32 is, for example, 0.5 |j.m thick and is made of 
n-type GaAs doped with silicon as an n-type impurity. 
The lasing portions 40 and 50 are disposed with a space 
of, for example, about 200 or less so that their cavity 
directions are aligned with that of the first light emitting 
element 20 and the p-side contact layer 26 in the first 
light emitting element 20 is positioned between the las- 
ing portions 40 and 50. Specifically, the space between 
a light emitting region of the lasing portion 40 and a light 
emitting region of the lasing portion 50 is about 1 20 ^m. 
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and the light emitting region of the first light emitting de- 
vice 20 is positioned just in the middle of the light emit- 
ting regions of the lasing portions 40 and 50. Details of 
the light emitting regions of the lasing portions 40 and 
50 will be given later. 

[0047] The lasing portion 40 has a configuration in 
which an n-type cladding layer 41 , an active layer 42, a 
p-type cladding layer 43. and a p-type cap layer 44 are 
laid one upon another in the order named from the sec- 
ond substrate 31 side. Each of the layers is made of, for 
example, a Group lll-V compound semiconductor con- 
taining at least gallium (Ga) from Group 3B elements in 
the short-period type periodic table and at least arsenide 
(As) from Group 5B elements in the short-period type 
periodic table. 

[0048] Specifically, the n-type cladding layer 41 is, for 
example. 1 .5 \im thick and is made of n-type AIGaAs 
mixed crystal doped with silicon as an n-type impurity. 
The active layer 42 is, for example, 40 nm thick and has 
a multiple quantum well structure including a well layer 
and a barrier layer made of AI^Ga^.^As (where, x > 0) 
having different compositions- The active layer 42 func- 
tions as a light emitting portion and the wavelength of 
the output light is, for instance, in the range of the order 
of 700 nm. The p-type cladding layer 43 is, for example, 
1 .5 njn thick and is made of p-type AIGaAs mixed crystal 
doped with zinc as a p-type impurity. The p-type cap lay- 
er 44 Is, for example, 0.5 |im thick and is made of p-type 
GaAs doped with zinc as a p-type impurity. 
[0049] A part of the p-type cladding layer 43, and the 
p-type cap layer 44 are fomied In a nanrow strip shape 
extending in the cavity direction, thereby restricting a 
current. On both sides of the strip portion, cun-ent block 
regions 45 are provided. The region of the active layer 
42 corresponding to the p-side cap layer 44 serves as 
a light emitting region. 

[0050] On the side of the p-type cap layer 44 opposite 
to the p-type cladding layer 43, a p-side electrode 46 is 
fomned. The p-side electrode 46 is formed by, for exam- 
ple, depositing titanium, platinum and gold in order from 
the side of the p-side cap layer 44 and alloying the de- 
posited materials by heat treatment, and is electrically 
connected to the p-type cap layer 44. The p-side elec- 
trode 46 is also electrically connected to the wiring layer 
13 Via an adhesive layer 16. The adhesive layer 15 is 
made of, for example, a material similar to that of the 
adhesive layer 12. 

[0051] The lasing portion 50 has a configuration in 
which an n-type cladding layer 52, an active layer 53, a 
p-type cladding layer 64. and a p-type cap layer 56 are 
laid one upon another in the order named from the side 
of the second substrate 31 , with a buffer layer 51 in be- 
tween. Each of the layers is made of, for example, a 
Group lll-V compound semiconductor containing at 
least indium (In) from Group 3B elements in the short- 
period type periodic table and at least phosphorus (P) 
from Group 58 elements in the short-period type peri- 
odic table. 



[0052] Specifically, the buffer layer 51 is, for example, 
0.5 \im thick and is made of n-type InGaP mixed crystal 
doped with silicon as an n-type impurity. The n-type 
cladding layer 52 is, for example, 1 .5 iim thick and is 

5 made of n-type AIGal nP mixed crystal doped with silicon 
as an n-type impurity. The active layer 53 is, for exam- 
ple, 36 nm thick and has a multiple quantum well struc- 
ture including a well layer and a barrier layer made by 
AlxGayln^x-yP (where x 2: 0 and y ^ 0) having different 

10 compositions. The active layer 53 functions as a light 
emitting portion. The p-type cladding layer 64 is, for ex- 
ample, 1.0 |xm thick and is made of p-type AlGalnP 
mixed crystal doped with zinc as a p-type impurity. The 
p-type cap layer 65 is, for example, 0.5 ^un thick and is 

15 made of p-type GaAs doped with zinc as a p-type Impu- 
rity. 

[0053] A part of the p-type cladding layer 54 and the 
p-type cap layer 55 are formed In a narrow strip shape 
to produce a current-restricting area extending in the 

20 cavity direction. On both sides of the strip portion, cur- 
rent block regions 56 are provided. The region of the 
active layer 53 corresponding to the p-side cap layer 56 
serves as a tight emitting region. 
[0054] On the side of the p-type cap layer 55 opposite 

25 to the p-type cladding layer 54, a p-side electrode 57 is 
provided. The p-side electrode 57 is electrically con- 
nected to the p-type cap layer 55 and has, for example, 
the configuration similar to that of the p-side electrode 
46. The p-side electrode 57 is also electrically connect- 
so ed to the n-side electrode 29 of the first light emitting 
element 20 via an adhesive layer 1 6 made of a material 
similar to that of the adhesive layer 1 5. 
[0055] On the side of the second substrate 31 oppo- 
site to the supporting base 11 , an n-side electrode 33 of 

35 the lasing portions 40 and 50 is fonned. The n-side elec- 
trode 33 is obtained by, for example, depositing an alloy 
of gold and gemnanium (Ge). nbkel, and gold in order 
from the side of the second substrate 31 and alloying 
the deposited materials by heat treatment. 

40 [0056] Further, a pair of side faces at the ends in the 
cavity direction of the second light emitting element 30 
serve as two end planes of the cavity. A pair of reflecting 
min-or films (not shown) are fonned on the pair of end 
faces of the cavity of each of the lasing portions 40 and 

45 60. The relation of reflectance between the pairs of re- 
flecting mirror films Is set so as to correspond to that 
between the pair of reflecting mirror films provided in the 
first light emitting element 20. Light is emitted from the 
same side of the first light emitting element 20 and the 

50 lasing portions 40 and 50 of the second light emitting 
element 30. 

[0057] The light emitting device 10A having such a 
configuration is, for example as shown in Fig. 5, en- 
closed in a package 1 for practical use. The package 1 
55 has, for example, a disk-shaped supporting body 2 and 
a cover body 3 provided on the side of one face of the 
supporting body 2. Inside the cover body 3, the support- 
ing base 11 is supported by the supporting body 2 and 
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the light emitting device 10A is enclosed. Light ennitted 
fronr) the light emitting device IDA goes out from a win- 
dow 3a of the cover body 3. 

[0058] The package 1 is provided with a plurality of 
conductive pins 4a to 4d, and the pin 4a is electrically 
connected to the supporting base 11 . The other pins 4b 
to 4d, for example, penetrate the supporting body 2 via 
insulating rings 5b to 5d respectively and extend from 
the inside of the cover body 3 to the outside. The wiring 
layer 1 3 Is electrically connected to the pin 4b via a wire 
6b. The n-slde electrode 29 is electrically connected to 
the pin 4c via a wire 6c. The n-slde electrode 33 is elec- 
trically connected to the pin 4d via a wire 6d. Although 
the package 1 having the four pins 4a to 4d is described 
here as an example, the number of pins can be set as 
appropriate. For example, when the wiring layer 1 3 and 
the supporting base 1 1 are connected to each other via 
a wire, the pin 4b is unnecessary and the number of pins 
becomes three. 

[0059] Such a light emitting device IDA can be man- 
ufactured as follows. Figs. 6A to 9B show the manufac- 
turing steps of the method of manufacturing the light 

emitting device 1 0A. 

[0060] First, as shown in Fig. 6A, for example, the first 
substrate 21 made of n-type GaN having a thickness of 
about 400 }xm is prepared. On the surface of the first 
substrate 21 , the n-type cladding layer 22 made of n- 
type AIGaN mixed crystal, the active layer 23 made of 
InGaN mixed crystal, the degradation preventing layer 
24 made of p-type AIGaN mixed crystal, the p-type clad- 
ding layer 25 made of p-type AIGaN mixed crystal, and 
the p-side contact layer 26 made of p-type GaN are 
grown in order by MOCVD. At the time of growing each 
of the layers, the temperature of the first substrate 21 is 
adjusted to, for example, 750 •C to 1100 •C. 
[0061] Referring to Fig. 6B, a mask (not shown) is 
fomied on the p-side contact layer 26. The upper layer 
portion of each of the p-side contact layer 26 and the p- 
type cladding layer 25 is selectively etched into a narrow 
strip shape, and thus the p-type cladding layer 25 Is ex- 
posed. Subsequently, by using the not-shown mask on 
the p-side contact layer 26, the insulating layer 27 is 
fomned so as to cover the surface of the p-type cladding 
layer 25 and the side faces of the p-side contact layer 26. 
[0062] After forming the insulating layer 27, on and 
around the surface of the p-side contact layer 26, for 
example, palladium, platinum, and gold are vapor-de- 
posited In order, and the p-side electrode 28 is formed. 
Further, in order to easily cleave the first substrate 21 in 
a process which will be described hereinlater, the rear 
face side of the first substrate 21 is, for example, lapped 
and polished so that the thickness of the first substrate 
becomes about 100 ^m. 

[0063] Subsequently, on the rear face side of the first 
substrate 21 , the Insulating film 14 is fonned in corre- 
spondence with the position of the lasing portion 40, and 
the wiring layer 1 3 is formed on the insulating film 1 4. In 
correspondence with the position of the lasing portion 



50, for example, titanium and aluminum are vapor-de- 
posited in order, and the n-side electrode 29 is formed. 
Specifically, each of the wiring layer 13 and the n-side 
electrode 29 is fonned in a position apart from the p-side 

5 contact layer 26 by about 60 M.m. In the embodiment, 
the first substrate 21 is made of GaN which is transpar- 
ent in the visible region, and layers which are made of 
Group lll-V compound semiconductors and are also 
transparent in the visible region are stacked on the first 

10 substrate 21 . Therefore, the position of the p-side elec- 
trode 28 can be observed from the first substrate 21 side 
and the positioning in the lithography process can be 
perfomned with high precision. That Is, the positions In 
which the wiring layer 13 and the n-side electrode 29 

IS are formed can be precisely controlled. Since GaN of 
the first substrate 21 is hard, even when the thickness 
of the first substrate 21 Is about 1 00 ^m, there Is no pos- 
sibility that the first substrate 21 is cracked or the like In 
the lithography process. 

20 [0064] After forming the wiring layer 1 3 and the n-side 
electrode 29, heat treatment is perfomned to thereby al- 
loy the n-side electrode 29. After that, although not 
shown, the first substrate 21 is, for example, cleaved 
perpendicular to the longitudinal direction of the p-side 

25 electrode 28 in a predetemriined width and a pair of re- 
flecting mirror films are fonmed on the cleaved faces. In 
such a manner, the first light emitting element 20 is fab- 
ricated. 

[0065] As shown in Fig. 7A, for example, the second 

SO substrate 31 made of n-type GaAs having a thickness 
of about 350 \im is prepared. On the surface of the sec- 
ond substrate 31 , the buffer layer 32 made of n-type 
GaAs, the n-type cladding layer 41 made of n-type Al- 
GaAs mixed crystal, the active layer 42 made of 

35 AI^Ga^.j^As (where x ^ 0) mixed crystal, the p-type clad- 
ding layer 43 made of p-type AlGaAs mixed crystal, and 
the p-type cap layer 44 made of p-type GaAs are grown 
in order by MOCVD, At the time of growing each of the 
layers, the temperature of the second substrate 31 is 

40 adjusted to, for example, 750 •G to 800 **C. 

[0066] As shown in Fig. 7B, a resist film Is fomned 
on the p-type cap layer 44 in correspondence with the 
region in which the lasing portion 40 is to be fomned. 
After that, by using the resist film as a mask, the p- 

45 type cap layer 44 Is selectively removed by using, for 
example, sulfuric-acld-based etchant, and the portion 
which is not covered with the resist film of the p-type 
cap layer 44, p-type cladding layer 43, active layer 42, 
and n-type cladding layer 41 is selectively removed by 

50 using hydrofluoric-acid-based etchant. After that, the re- 
sist film R^ is removed. 

[0067] Subsequently, as shown in Fig. 8A, by MOCVD 
for example, the buffer layer 51 made of n-type InGaP 
mixed crystal, the n-type cladding layer 52 made of n- 
55 type AIGaIn P mixed crystal, the active layer 63 made of 
Al^Gayln^.jj.yP (where x ^ 0 and y ^ 0) mixed crystal, the 
p-type cladding layer 54 made of p-type AlGalnP mixed 
crystal, and the p-type cap layer 55 made of p-type 
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GaAs are grown in order At the time of growing each of 
the layers, the temperature of the second substrate 31 
is adjusted to, for example, about 680 ""C. 
[0068] After that, as shown In Fig. 8B. a resist film Rg 
is fomied on the p-type cap layer 55 In correspondence 
with the region In which the lasing portion 50 is to be 
formed. By using the resist film R2 as a mask, the p-type 
cap layer 55 is selectively removed by using, for exam- 
ple, sulfuric-acid-based etchant, and the p-type clad- 
ding layer 54, active layer 53, and n-type cladding layer 
52 are selectively removed by using phosphoric-acid- 
based etchant and hydrochloric-acid-based etchant. 
The buffer layer 51 is selectively removed by using hy- 
drochloric-acid-based etchant. After that, the resist film 
R2 is removed. 

[0069] After removing the resist film R2, as shown in 
Fig. 9A, for example, a narrow strip-shaped mask (not 
shown) is fomfied on the p-type cap layers 44 and 55, 
and an n-type impurity such as silicon is introduced into 
the p-type cap layers 44 and 55 and an upper layer por- 
tion of the p-type cladding layers 43 and 64 by ion im- 
plantation. The impurity introduced regions are insulat- 
ed and become the current block regions 45 and 56. In 
this case, since the positions of the p-type cap layers 44 
and 55 are defined by using lithography, the positions 
can be controlled accurately. 

[0070] After f omning the cun^ent block regions 45 and 
56, as shown in Fig. 9B, for example, nfekel, platinum, 
and gold are vapor-deposited in order on and around 
the p-type cap layers 44 and 55 to fomn the p-side elec- 
trodes 46 and 57. Further, by lapping and polishing the 
rear face side of the second substrate 31 , the thickness 
of the second substrate 31 is set to, for example, about 
1 00 lam. Subsequently, for example, an alloy of gold and 
germanium, nickel, and gold are vapor-deposited in or- 
der on the rear face side of the second substrate 31 to 
thereby form the n-side electrode 33 common to the las- 
ing portions 40 and 60. After that, heat treatment Is per- 
formed to alloy the p-side electrodes 46 and 57 and the 
n-side electrode 33. Further, although not shown, for ex- 
ample, the second substrate 31 is cleaved In predeter- 
mined width perpendicular to the longitudinal direction 
of the p-side electrodes 46 and 57 and a pair of reflecting 
mirror films are fomried on the cleaved faces. In such a 
manner, the second light emitting element 30 is fomfied. 
[0071 ] After fonning the first and second light emitting 
elements 20 and 30 as described above, the supporting 
base 1 1 is prepared. For example, by the adhesive layer 
12, the insulating layer 27 and the p-side electrode 28 
of the first light emitting element 20 anQ the supporting 
base 1 1 are attached to each other. For example, by the 
adhesive layer 15, the p-side electrode 46 of the second 
light omitting element 30 and the wiring layer 13 are at- 
tached to each other. For example, by the adhesive lay- 
er 1 6. the p-side electrode 57 in the second light emitting 
element 30 and the p-side electrode 29 In the first light 
emitting element 20 are attached to each other. In such 
a manner, the light emitting device 10A shown in Fig. 4 



is completed. 

[0072] Since the second light emitting element 30 is 
disposed on the first light emitting element 20 so as to 
make the wiring layer 13 and the n-side electrode 29 
5 fomied with high positioning accuracy by using a high- 
precision lithography technique correspond to the p- 
type cap layers 44 and 55 similarly formed with high po- 
sitioning accuracy by using a high-precision lithography 
technique, the positions of the light emitting regions are 
10 also accurately controlled. 

[0073] In the case of simultaneously attaching the 
supporting base 11 to the first light emitting element 20, 
and attaching the first and second light emitting ele- 
ments 20 and 30. It is preferable to fomn the adhesive 
15 layers 12, 15 and 16 by using the same material. In the 
case of performing adhesion separately, it is preferable 
to fomi an adhesive layer to be attached first by using 
a nriaterial having a melting point higher than that of a 
material of an adhesive layer to be attached later. Spe- 
20 cifically, the adhesive layer to be attached first is made 
of an alloy of gold and tin, and the adhesive layer to be 
attached later is made of tin. Thus, the adhesion can be 
excellently perfomned in each of the times without heat- 
ing the layers more than necessary. 
25 [0074] The light emitting device 1 0A Is enclosed In the 
package 1 as shown in Fig. 5 and operates as follows. 
[0075] In the light emitting device 1 0A, when a voltage 
is applied between the n-side electrode 29 and the p- 
side electrode 28 in the first light emitting element 20 
30 via the pins 4c and 4a of the package 1 , a current is 
passed to the active layer 23, light is emitted by recom- 
bination of electrons and holes, and light having a wave- 
length of around 400 nm is emitted from the first light 
emitting element 20. When a predetennined voltage is 
35 applied between the n-side electrode 33 in the second 
light emitting element 30 and the p-side electrode 46, a 
current Is passed to the active layer 42, light is emitted 
by recombination of electrons and holes, and light hav- 
ing a wavelength in the band on the order of 700 nm is 
40 emitted from the lasing portion 40. Further, when a pre- 
detemnined voltage is applied between the n-side elec- 
trode 33 in the second light emitting element 30 and the 
p-side electrode 57 via the pins 4d and 4c, a current Is 
passed to the active layer 53, light Is emitted by recom- 
45 binatlon of electrons and holes, and light having a wave- 
length In the band on the order of 600 nm is emitted from 
the lasing portion 50. The tight goes out from the pack- 
age 1 through the light outgoing window 3a of the pack- 
age 1. 

50 [0076] Although heat is also generated at the time of 
light emission, since the first substrate 21 is made of a 
material having relatively high thermal conductivity, the 
heat generated by the lasing portion 40 or 50 is promptly 
dissipated via the first substrate 21 and the supporting 

55 base 11 . The heat generated by the first light emitting 
element 20 is promptly dissipated via the supporting 
base 11. 

[0077] In the light emitting device 10A according to 
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the embodiment as described above, the first and sec- 
ond light emitting elements 20 and 30 are staclced. It 
becomes therefore unnecessary to grow Group lll-V 
compound semiconductor layers of the nitride system, 
and Group lll-V compound semiconductor layers of the 
systems AIGaAs and AlGalnP on the same substrate. 
Thus, the multiple-wavelength laser having a wave- 
length of around 400 nm can be easily obtained. The 
use of the light emitting device 1 0A malces it possible to 
easily produce, for example, an optical disl< drive capa- 
ble of optical recording/playback using any optical disk 
by a plurality of kinds of light sources. 
[0078] Especially, the first light emitting element 20 
has a Group lll-V compound semiconductor layer of the 
nitride system so as to emit light having a wavelength 
of around 400 nm. Thus, by mounting the light emitting 
device 10A on an optical device such as an optteal disk 
drive, optical recording/playback using an optical disk 
on which information is recorded at higher recording ar- 
ea density becomes possible. 

[0079] Since the first substrate 21 is made of the ma- 
terial which is transparent in the visible region, the n- 
side electrode 29 and the wiring layer 1 3 can be formed 
with high positioning accuracy by using the lithography 
technique. By attaching the p-slde electrodes 46 and 57 
In the second light emitting element 30 formed with high 
positioning accuracy by using the lithography technique, 
the positions of the light emitting regions of the first and 
second light emitting elements 20 and 30 can be accu- 
rately controlled. Further, by setting each of the Inten/als 
to a predetermined small value, light emitted from each 
of the light emitting elements is allowed to come out 
through a region of a small diameter. 
[0080] In addition, the first substrate 21 is made of the 
material having high themnal conductivity, so that the 
heat generated at the time of light emission in the lasing 
portions 40 and 50 can be promptly dissipated to the 
supporting base 11 via the first substrate 21 . Thus, even 
when the second light emitting element 30 is disposed 
on the first light emitting element 20, the temperature of 
the light emitting element 30 can be prevented from ris- 
ing, so that the device can stably operate for long time. 
[0081] The light emitting device 10A is used for, for 
example, an optical disk recording/playback apparatus 
as an optical device. Fig. 10 schematically shows the 
configuration of the optical disk recording/playback ap- 
paratus. The optical disk recording/playback apparatus 
reproduces information recorded on an optical disk by 
using light of different wavelengths and records infor- 
mation onto an optical disk. The optical disk recording/ 
playback apparatus has an optical system for guiding 
outgoing light L^ut having a predetermined wavelength 
emitted from the light emitting device 10A to an optical 
disk D and reading signal light (reflection light L^f) from 
the optical disk D under the control of the light emitting 
device 10A and a control unit 111. The optical system 
has a beam splitter 112. a collimator lens 113. a mirror 
114, a quarter-wave plate 115. an objective lens 116, a 



signal light detection lens 117, a signal light detection 
photoreceiving device 118, and a signal light reproduc- 
ing circuit 119. 

[0082] In the optical disk recording/playback appara- 

5 tus, the outgoing light L^^ having, for example, strong 
intensity from the light emitting devbe 1 0 is reflected by 
the beam splitter 112, made parallel light by the collima- 
tor lens 113, and reflected by the mirror 1 1 4. The outgo- 
ing light Lout reflected by the min^or 1 1 4 passes through 

10 the quarter-wave plate 1 1 5. After that, the outgoing light 
L(,ut is condensed by the objective lens 116, and Is inci- 
dent on the optical disk D, thereby writing infonmatlon 
onto the optical disk D. The outgoing light l-out having, 
for example, weak intensity from the light emitting de- 

is vice 10 passes through the optical components as de- 
scribed above and is incident on and reflected by the 
optical disk D. The reflection light L^ef passes through 
the objective lens 116, quarter-wave plate 115, mirror 
114, collimator lens 113, beam splitter 112, and signal 

^ light detection lens 117, and is incident on the signal light 
detection photoreceiving device 118 where the light is 
converted to an electric signal. Afterthat, the infomnation 
written on the optical disk D is reproduced by the signal 
light reproducing circuit 119. 

25 [0083] As described above, the light emitting device 
10A according to the embodiment can be enclosed in a 
single package and the outgoing light L^ut is emitted 
from the plurality of light emitting regions spaced accu- 
rately. By using the light emitting device 1 0A, the plural- 

30 ity of outgoing light L^^t o1 different wavelengths can be 
guided to predetemiined positions by using the common 
optical system. Thus, the small, low-cost optical disk re- 
cording/playback apparatus having a simplified config- 
uration can be realized. Since an error in the light emit- 

35 ting point inten^als is extremely small, the position of the 
reflection light L^^f forming an Image in a photoreceiving 
portion (signal light detection photoreceiving device 
1 1 8) can be prevented from varying according to optical 
disk recording/playback apparatuses. That is, the opti- 

40 cal system can be easily designed and the yield of the 
optical disk recording/playback apparatus can be im- 
proved. 

[0084] The light emitting device 10A of the embodi- 
ment can realize light emission of three wavelengths, 

45 that is, around 400 nm. In the range of the order of 600 
nm, and In the range of the order of 700 nm. This ena- 
bles optical recording/playback by using not only exist- 
ing various optical disks such as CD-ROM (Read Only 
Memory), CD-R, CD-RW, MD, and DVD-ROM, but also 

50 what is called DVD-RAM (Random Access Memory), 
DVD+RW, DVD-R/RW and the like which are currently 
proposed as rewritable mass-storage disks. Further, op- 
tical recording/playback also becomes possible using 
next-generation recordable optical disks having higher 

55 recording area density (for example, 20 G bytes or 
more) (such as optical disks used for a DVR (Digital Vid- 
eo Recorder) or VDR (Video Disk Recorder) which are 
proposed' as optical disk apparatuses of the next gen- 
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eration). The use of such recordable mass-storage 
disks of the next generation enables video data record- 
ing and reproduction of recorded data (Images) with 
high picture quality and excellent operabillty. 
[0085] The description given above relates to an ex- 
ample in which the light emitting device 1 0A is applied 
to the optical disk recording/playback apparatus. How- 
ever, obviously, the light emitting device 10A have ex- 
tensive application to various optical apparatuses such 
as optical disk playback apparatuses, optical disk re- 
cording apparatuses, magnetooptic disk apparatuses 
for optical recording/playback using magnetooptlcal 
disks (MOs), and optical communication systems. It can 
be also applied to equipment having a vehicle-mounted 
semiconductor laser apparatus which has to operate at 
high temperature, and the like. 

Second Embodiment 

[0086] Fig. 11 shows a sectional structure of a light 
emitting device 1 0B according to a second embodiment 
of the invention. The light emitting device 10B has the 
same configuration, action, and effects as those of the 
light emitting device 1 0A except that a second light emit- 
ting element 60 is provided in place of the second light 
emitting element 30 In the light emitting device 10A in 
the first embodiment, The same reference nuitierals are 
given to the same components as those of the first em- 
bodiment and their detailed description will not be re- 
peated. 

[0087] The second light emitting element 60 In the 
second embodiment has the same configuration as that 
of the second light emitting element 30 exceptthat a las- 
ing portion 70 capable of emitting light having a wave- 
length in the band on the order of 600 nm (for example, 
520 nm) Is provided in place of the lasing portion 40 of 
the second light emitting element 30 In the first embod- 
iment and the buffer layer 32 Is not provided. 
[0088] The lasing portion 70 has a configuration in 
which, for example, an n-type cladding layer 72, a guide 
layer 73, an active layer 74, a guide layer 76, a p-type 
cladding layer 76, a first p-type semiconductor layer 77, 
a second p-type semiconductor layer 78, a p-type su- 
perlattlce layer 79, and a p-side contact layer 80 are laid 
one upon another in the order named on the second 
substrate 31 on the side thereof on which the supporting 
base 11 Is disposed, with a buffer layer 71 in between. 
Each of the layers is made of, for example, a Group II- 
VI compound semiconductor containing at least one el- 
ement selected from the group of Group 2A or 2B ele- 
ments in the short-period type periodic table consisting 
of zinc (Zn), cadmium (Cd), mercury (Hg), beryllium (Be) 
and magnesium (Mg), and at least one element selected 
from the group of Group 68 elements In the short-period 
type periodic table consisting of sulfur (S). selenium (Se) 
and tellurium (Te). 

[0089] Specifically, the buffer layer 71 is made by de- 
positing in order an n-type GaAs film doped with silicon 



as an n-type Impurity, a ZnSe film doped with chlorine 
(CI) as an n-type Impurity, and a ZnSSe mixed crystal 
layer doped with chlorine as an n-type Impurity, from the 
side of the second substrate 31 . The thickness of the 

5 buffer layer 71 Is, for example, 1 00 nm . The n-type clad- 
ding layer 72 is, for example, 1 \m thick and is made of 
n-type ZnMgSSe mixed crystal doped with chlorine as 
an n-type impurity. The guide layer 73 is, for example, 
0.1 pm thick and is made of n-type ZnSSe mixed crystal 

10 doped with chlorine as an n-type Impurity or undoped 
ZnSSe mixed crystal. The active layer 74 Is, for exam- 
ple, 20 nm thick and has a multiple quantum well struc- 
ture of a well layer and a barrier layer which are made 
of Zn^Cd^.j^Se (where x ^ 0) mixed crystal of different 

15 compositions. The active layer 74 functions as a light 
emitting portion. 

[0090] The guide layer75 is, for example, 0.1 pm thick 
and is made of p-type ZnSSe mixed crystal doped with 
nitrogen as a p-type Impurity or undoped ZnSSe mixed 

20 crystal. The p-type cladding layer 76 has, for example, 
1.0 \im thick and is made of p-type ZnMgSSe mixed 
crystal doped with nitrogen as a p-type impurity. The first 
p-type semiconductor layer 77 Is, for example, 0.2 \un 
thick and Is made of p-type ZnSSe mixed crystal doped 

25 with nitrogen as a p-type impurity. The second p-type 
semiconductor layer 78 is, for example, 0.2 |xm thick and 
is made of p-type ZnSe doped with nitrogen as a p-type 
Impurity. The p-type superiattice layer 79 Is, for exam- 
ple, 35 nm thick and is fonned by alternately depositing 

30 a p-type ZnSe film doped with nitrogen as a p-type Im- 
purity and a p-type ZnTe film doped with nitrogen as a 
p-type impurity. The p-slde contact layer 80 is, for ex- 
ample, 0.1 M.m thick and Is made of p-type ZnTe doped 
with nitrogen as a p-type impurity. 

35 [0091] A part of the first p-type semiconductor layer 
77, second p-type semiconductor layer 78, p-type su- 
periattice layer 79, and p-side contact layer 80 are 
formed In a narrow strip shape extending In the cavity 
direction so that a current Is restricted. On both sides of 

40 the strip portion, current block regions 81 are provided. 
The region In the active layer 74 corresponding to the 
p-side contact layer 80 serves as a light emitting region. 
[0092] On the side of the p-type contact layer 80 op- 
posite to the p-type superiattice layer 79, a p-slde elec- 
ts trode 82 Is formed. The p-slde electrode 82 Is fonned 
by, for example, depositing in orderpalladlum (Pd), plat- 
inum, and gold from the side of the p-side contact layer 
80 and alloying the deposited materials by heat treat- 
ment, and is electrically connected to the p-side contact 

50 layer 80. The p-side electrode 82 is also electrically con- 
nected to the wiring layer 1 3 via the adhesive layer 1 5. 
[0093] The light emitting device 10B having such a 
configuration can be manufactured In a manner similar 
to the first embodiment exceptthat the second light emlt- 

55 ting element 60 is formed in place of the second light 
emitting element 30 In the light emitting device 1 0A. 
[0094] Specifically, the second light emitting element 
60 is produced as follows. First, as shown in Fig. 12A, 
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in a manner similar to the first embodiment, for example, 
the buffer layer 51 made of n-type InGaP mixed crystal, 
the n-type cladding layer 52 made of n-type AIGalnP 
mixed crystal, the active layer 53 made of AlxGayin^.x.yP 
(where x ^ 0 and y > 0) mixed crystal, the p-type cladding 
layer 54 made of p-type AIGalnP mixed crystal, and the 
p-type cap layer 65 made of p-type GaAs are grown In 
order on the surface of the second substrate 31 made 
of n-type GaAs. 

[0095] Subsequently, as shown in Fig. 12B, in con-e- 
spondence with the region in which the iasing portion 
50 is to be fonmed, a mask M made of silicon dioxide or 
silicon nitride (Si3N4) Is fomned by, for example, CVD 
(Chemical Vapor Deposition) on the p-type cap layer 65. 
By using the mask M, etching such as RIE (Reactive Ion 
Etching) is perfomned, thereby selectively removing the 
p-type cap layer 55, p-type cladding layer 54, active lay- 
er 53, n-type cladding layer 52, and buffer layer 51 . 
[0096] Subsequently, as shown in Fig. ISA, on the 
surface of the second substrate 31 , by MBE (Molecular 
Beam Epitaxy) for example, the buffer layer 71 in which 
an n-type GaAs film, an n-type ZnSe film, and an n-type 
ZnSSe mixed crystal layer are deposited in the order 
named, the n-type cladding layer 72 made of n-type 2n- 
MgSSe mixed crystal, the guide layer 73 made of n-type 
ZnSSe mixed crystal, the active layer 74 made of 
Zn^^Se^.^Cd (where x ^ 0) mixed crystal, the guide layer 
75 made of p-type ZnSSe mixed crystal, the p-type clad- 
ding layer 76 made of p-type ZnMgSSe mixed crystal, 
the first p-type semiconductor layer 77 made of p-type 
ZnSSe mixed crystal, the second p-type semiconductor 
layer 78 made of p-type ZnSe, the p-type superiattice 
layer 79 In which a p-type ZnSe film and a p-type ZnTe 
film are alternately deposited, and the p-side contact 
layer 80 made of p-type ZnTe are grown In order. At the 
time of growing each of the layers, the temperature of 
the second substrate 31 is adjusted to, for example, 
about 280 **C. After that, the mask M is removed. 
[0097] After removing the mask M, as shown in Fig. 
13B, for example, a mask (not shown) having an open- 
ing corresponding to the region in which the cun'ent 
block region 56 is to be created Is formed, and an n-type 
impurity such as chlorine is introduced by ion implanta- 
tion, thereby fomiing the cun-ent block regions 56. A 
mask (not shown) having an opening corresponding to 
the region In which the current block region 81 Is to be 
created is formed on the entire surface, and an n-type 
impurity such as chlorine is introduced by Ion implanta- 
tion to the p-side contact layer 80, p-type superiattice 
layer 79, second p-type semiconductojr layer 78, and to 
the upper layer portion of the first p-type semiconductor 
layer 77, thereby forming the current block region 81 . 
Since the lithography technique is used here in a man- 
ner similar to the first embodiment, the positions of the 
light emitting regions In the Iasing portions 50 and 70 
can be precisely defined. 

[0098] After forming the current block regions 56 and 
81, as shown In Fig. 14, on and around the surface of 



the p-type cap layer 55, for example, titanium, platinum, 
and gold are vapor-deposited in order, to thereby fomn 
the p-side electrode 57. On and around the surface of 
the p-side contact layer 80, for example, palladium, plat- 

5 inum, and gold are vapor- deposited In order, to form the 
p-side electrode 82. Subsequently, a mask (not shown) 
Is fomned in correspondence with the region in which the 
Iasing portions 50 and 70 are fonmed, and the portion 
from the p-side contact layer 80 to the buffer layer 71 is 

10 selectively removed. 

[0099] After selectively removing the portion from the 
p-side contact layer 80 to the buffer layer 71 , the rear 
face side of the second substrate 31 is, for example, 
lapped and polished to form the n-slde electrode 33 on 

15 the rearface side ofthesecond substrate 31 in a manner 
similar to the first embodiment Subsequently, heat 
treatment is perfonned to alloy the p-slde electrodes 57 
and 82 and the n-slde electrode 33. Finally, the second 
substrate 31 is cleaved in a predetenmined width per- 

20 pendicularly to the longitudinal direction of the p-side 
electrodes 57 and 82, and a pair of not-shown reflecting 
mirror films are formed on the cleaved faces. In such a 
manner, the second light emitting element 60 is fabricat- 
ed: 

25 [0100] Since the light emitting device 10B according 
to the embodiment has the first light emitting element 
20 capable of emitting light In the band on the order of 
400 nm and the second light emitting element 60 having 
the Iasing portion 70 capable of emitting light in the band 

30 on the order of 500 nm and the Iasing portion 50 capable 
of emitting light in the range of the order of 700 nm, the 
light emitting device for emitting light of three primary 
colors of red (R), green (G), and blue (B) can be realized. 
The light emitting device 10B can be used as a light 

35 source of not only the optical disk drive but also full-color 
displays. 

[0101] In the case of using the light emitting device 
10B as light sources of full-color displays, by adjusting 
the composition of the material of each of the active lay- 
40 ers 23, 53, and 74 as appropriate, tight emitted from 
each of the light emitting portions can have a desired 
hue. 

[0102] Fig. 15 shows a schematic configuration of a 
display 120 using the light emitting device 108 accord- 

45 ing to the embodiment. The display 1 20 has a board 121 
and a plurality of light emitting devices 1 0B according to 
the embodiment provided on one face of the board 121 . 
For example, each of the light emitting devfces 10B is 
enclosed In the package 1 as shown in Fig. 5 and the 

so light emitting devices 1 08 are arranged in a matrix of M 
rows and N columns (where, M and N are natural num- 
bers). Although not shown in Fig. 15, on the board 121 , 
common lines 122 and 123 in the column direction and 
common lines 124 and 125 in the row direction are 

55 formed. 

[0103] Fig. 16 shows a schematic configuration of a 
driving circuit of the display 120. The supporting base 
1 1 of each of the light emitting devices 1 08 Is connected 
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to the common line 122 In the column direction via a 
wire, and the n-slde electrode 33 in the second light 
emitting element 60 is connected to the common line 
123 in the column direction via a wire. The wiring layer 
13 is connected to the common line 124 In the row di- 
rection, and the n-side electrode 29 In the first light emit- 
ting element 20 is connected to the common tine 1 25 in 
the column direction via a wire. The common lines 1 22 
to 125 are connected to a control unit (not shown) and 
a desired color is displayed according to a signal from 
the control unit. 

[0104] The light emitting device 10B of the second 
embodiment acts in a manner similar to the light emitting 
device 10A of the first embodiment except that, when a 
voltage is applied between the n-side electrode 33 and 
the p-slde electrode 82 via the pins 4d and 4b of the 
package 1 (Fig. 5). a cun*ent is passed to the active layer 
74, light is emitted by recombination of electrons and 
holes, and light having a wavelength In the band on the 
order of 600 nm Is emitted from the lasing portion 70. 

Third Embodiment 

[0105] Fig. 17 shows a sectional structure of a light 
emitting device 1 0C according to a third embodiment of 
the invention. The light emitting device IOC has the 
same configuration, action, and effects as those of the 
light emitting device 1 0A of the first embodiment except 
that a first light emitting element 90 is provided in place 
of the first light emitting element 20 in the light emitting 
device 10A of the first embodiment, and a supporting 
base 17 Is provided in place of the supporting base 11. 
The same reference numerals are given to the same 
components as those of the first embodiment and their 
detailed description will not be repeated here. 
[01 06] The first light emitting element 90 is largely dif- 
ferent from the first light emitting element 20 with respect 
to the point that a different material is used for a first 
substrate 91, For example, the first substrate 91 is made 
of sapphire having a thickness of about 80 (im. Sapphire 
Is an insulating material and is transparent in the visible 
region like GaN. The first light emitting element 90 has 
a configuration In which, for example, onthec-cut plane 
of the first substrate 91 , an n-side contact layer 93, the 
n-type cladding layer 22, the active layer 23, the degra- 
dation preventing layer 24, the p-type cladding layer 25, 
and the p-type contact layer 26 are laid one upon an- 
other In the order named from the side of the first sub- 
strate 91 with a buffer layer 92 In between. The insulat- 
ing layer 27 is formed on the surface of the p-type clad- 
ding layer 25 and the side faces of the p-slde contact 
layer 26, and the p-side electrode 28 is fomned on the 
side of the p-side contact layer 26 opposite to the p-slde 
cladding layer 25. 

[0107] The buffer layer 92 has, for example, 30 nm 
thick and is made of undoped GaN or n-lype GaN doped 
with silicon as an n-type impurity. The n-side contact lay- 
er 93 is. for example, 5 ^m thick and is made of n-type 



GaN doped with silicon as an n-type impurity. 
[0108] The n-slde contact layer 93 has an exposed 
portion in which the n-type cladding layer 22, the active 
layer 23, the degradation preventing layer 24. the p-type 

5 cladding layer 25, and the p-side contact layer 26 are 
not fonned. In the exposed portion, for example, an n- 
side electrode 94 in which titanium and aluminum are 
deposited in order from the side of the n-side contact 
layer 93 and alloyed by heat treatment Is formed. In the 

10 embodiment, the insulating film 27 is provided so as to 
cover also the side faces of the p-type cladding layer 25, 
degradation preventing layer 24, active layer 23, and 
cladding layer 22. 

[0109] The supporting base 1 7 is made of an insulat- 
es ing material having high themnal conductivity such as 
aluminum nitride (AIN). On one face of the supporting 
base 1 7, a wiring layer 1 7a made of a metal is provided 
In con-espondence with the p-side electrode 28 In the 
first light emitting element 90, and a wiring layer 17b 
20 made of a metal is provided In correspondence with the 
n-side electrode 94. The p-side electrode 28 and the wir- 
ing layer 17a are attached to each other with the adhe- 
sion layer 12 in between, and the n-side electrode 94 
and the wiring layer 1 7b are attached to each other with 
25 an adhesion layer 18 in between. 

[0110] On the side of the first substrate 91 opposite 
to the supporting base 1 7. the wiring layer 1 3 is provided 
in a manner similar to the first embodiment, and a wiring 
layer 1 9 made of a metal is provided for connecting the 
30 lasing portion 50 to the external power source is provid- 
ed in place of the n-side electrode 29 In the first embod- 
iment. 

[0111] The light emitting devtee 100 is used by, for 
example, being enclosed in a package In a manner sim- 

35 liar to the first embodiment. In the package, a placement 
stage is provided on one face of the supporting body, 
and the supporting base 17 is placed on the placement 
stage. The package has, for instance, five pins which 
are electrically connected to the wiring layers 13, 17a, 

40 17b, and 19 and the n-side electrode 33 via wires. In 
this case as well, the number of pins can be set as ap- 
propriate in a manner similar to the first embodiment. 
[01 12] The light emitting device IOC can be manufac- 
tured as follows. 

45 [0113] First, as shown in Fig. ISA, for example, the 
first substrate 91 made of sapphire having a thickness 
of about 400 ^.m Is prepared. On the c-cut plane of the 
first substrate 91 , the buffer layer 92 made of undoped 
GaN or n-type GaN is grown. At this time, the tempera- 

50 ture of the first substrate 91 is set to, for example, 500 
•C. Subsequently, on the buffer layer 92, the n-type con- 
tact layer 93 made of n-type GaN, the n-type cladding 
layer 22 made of n-type AIGaN mixed crystal, the active 
' layer 23 made of InGaN mixed crystal, the degradation 

55 preventing layer 24 made of p-type AIGaN mixed crys- 
tal, the p-type cladding layer 25 made of p-type AIGaN 
mixed crystal, and the p-side contact layer 26 made of 
p-type GaN are grown in order. At the time of growing 
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each of the layers, the temperature of the first substrate 
91 is adjusted to an appropriate temperature, for exam- 
ple, from 760 to 1100 *C. 

[01 14] As shown in Fig. 1 8B. the p-slde contact layer 
26, p-type cladding layer 25, degradation preventing 
layer 24, active layer 23, and n-type cladding layer 22 
are etched in order, to expose a part of the n-side contact 
layer 93. After that, a not-shown mask Is fomned and, by 
using the mask, the upper layer portion In the p-type 
cladding layer 25, and the p-side contact layer 26 are 
fonned in a narrow strip shape by, for example, RIE. 
[01 15] The Insulating layer 27 made of silicon dioxide 
is formed on the side faces of the layers of which part is 
selectively etched and on the surface of the p-type clad- 
ding layer 25 by, for example, vapor deposition. After 
that, the rear face side of the first substrate 91 is lapped 
and polished so that the thickness of the first substrate 
91 becomes, for example, about 100 pun. 
[01 1 6] After thinning the first substrate 91 , on the side 
of the first substrate 91 opposite to the buffer layer 92, 
the wiring layers 13 and 1 9 are formed In predetermined 
positions. In a manner similar to the first embodiment, 
the first substrate 91 is made of the material transparent 
in the visible region, so that the positions in which the 
wiring layers 1 3 and 1 9 are fomned can be precisely con- 
trolled. 

[0117] Subsequently, for instance, nickel, platinum, 
and gold are vapor-deposited in order on and around 
the surface of the p-side contact layer 26 to form the p- 
slde electrode 28. For example, titanium and aluminum 
are vapor-deposited in order on the surface of the n-slde 
contact layer 93 to thereby f omn the n-slde electrode 94. 
Further, by conducting heat treatment, the p-side elec- 
trode 28 and the n-side electrode 94 are alloyed. After 
that, though not shown here, the first substrate 91 is, for 
example, cleaved in a predetemiined width perpendic- 
ular to the longitudinal direction of the p-side electrode 
28, and a pair of reflecting mirror films are formed on the 
cleaved faces. In such a manner, the first light emitting 
element 90 is fabricated. 

[0118] After that, in a manner similar to the first em- 
bodiment, the second light emitting element 30 is fabri- 
cated. 

[01 1 9] The supporting base 1 7 on which wiring layers 
17a and 17b are fomried Is prepared, the p-side elec- 
trode 28 In the first light emitting element 90 and the 
wiring layer 1 7a are attached to each other with the ad- 
hesive layer 12 in between, and the n-side electrode 94 
and the wiring layer 1 7b are attached to each other with 
the adhesive layer 18 In between. The p-side electrode 
46 in the second light emitting element 30 and the wiring 
layer 13 are attached to each other with the adhesive 
layer 1 5 in between, and the p-side electrode 57 and the 
wiring layer 19 are attached to each other with the ad- 
hesive layer 16 in between. In such a manner, the light 
emitting device 10C is completed. 
[0120] In the light emitting device 10C according to 
the embodiment, the first substrate 91 is made of sap- 



phire which Is transparent in the visible region, so that 
the light emitting regions of the first and second light 
emitting elements 90 and 30 can be precisely controlled 
in a manner similar to the first embodiment. 

5 [0121] Although the invention has been described 
above by the embodiments, the invention is not limited 
to the embodiments but can be variously modified, in 
the foregoing embodiments, the specify stacked struc- 
tures of the first light emitting elements 20 and 90 and 

10 the second light emitting elements 30 and 60 have been 
described as examples. The invention is similarly ap- 
plied to the case where the first light emitting elements 
20 and 90 or second light emitting elements 30 and 60 
have other staictures. For example, the first light emit- 

is ting element may have a construction to restrict a cur- 
rent by current block regions in a manner similar to the 
second light emitting elements 30 and 60. The second 
light emitting element may have a construction to narrow 
a current by an insulating film made of silicon dioxide or 

20 the like in a manner similar to the first light emitting el- 
ements 20 and 90. Although a ridge-guiding type sem- 
iconductor laser In which gain-guiding type and refrac- 
tive index-guiding type are combined has been de- 
scribed as an example in the foregoing embodiments, 

25 the invention can be similarly applied to a gain-guiding 
type semiconductor laser and a refractive index-guiding 
type semiconductor laser. 

[0122] Further, In the foregoing embodiments, the 
case where the layers made of GaN, AIGaAs, and Al- 
30 Gal nP compounds are formed by MOCVD has been de- 
scribed. The layers may be fomned by other vapor phase 
epitaxy such as MBE or hydride vapor phase epitaxy. 
The hydride vapor phase epitaxy is vapor phase epitaxy 
in which halogen contributes to transport or reaction . Al- 
as though the case where the layers made of ZnSe com- 
pounds are fomned by MBE has been described in the 
second embodiment, the layers may be formed by other 
phase vapor epitaxy such as MOCVD. 
[01 23] In addition, although the specific examples re- 
40 garding the materials of the first substrates 21 and 91 
in the first light emitting elements 20 and 90 have been 
described, other materials may be also used. It Is pref- 
erable to use a material which is transparent in the vis- 
ible region, since effects described in the foregoing em- 
45 bodlments are obtained. More preferably, a material 
having high themnal conductivity is used. Examples of 
such materials are aluminum nitride and silicon carbide 
(SiC). 

[0124] Further, in the third embodiment, the case 
50 where the second light emitting element 30 having the 
lasing portion 40 of the system AIGaAs and the lasing 
portion 50 of the system AIGalnP is provided has been 
described. Alternativety, the second light emitting ele- 
ment 60 described in the second embodiment may be 
55 provided. 

[0125] Further, in the foregoing embodiments, the 
case where the first light emitting element 20 (90) and 
the second light emitting element 30 (60) emit light of 
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different wavelengths has been described. A plurality of 
the first light ennitting element 20 (90) can be stacked 
on one face of the supporting base 11 (17). Further, a 
plurality of light ennitting elements of different character- 
istics or structures can be stacked. In this case, the 
wavelengths may be the same or different from each 
other. In the case of stacking a plurality of light emitting 
elements of different characteristics, for example, a low- 
output device and a high-output device can be mixedly 
used. 

[0126] Although the case where the first light emitting 
element 20 (90) has one light emitting portion has been 
described In the foregoing embodiments, the first light 
emitting element 20 (90) may have a plurality of light 
emitting portions, specifically, a plurality of lasing por- 
tions in a manner similar to the second light emitting el- 
ement 30. In this case, the wavelengths of the lasing 
portions may be the same or different from each other. 
The characteristics or structures may be the same or 
different from each other. 

[0127] Further, in the embodiments, the case where 
the second light emitting element 30 (60) has two lasing 
portions has been described. The number of the lasing 
portions of the second light emitting element may be one 
or three or more. The wavelengths, characteristics, or 
structures of the lasing portions may be the same or dif- 
ferent from each other. 

[0128] In addition, although the case where each of 
the second light emitting elements 30 and 60 is what is 
called a monolithic type multiple-wavelength laser has 
been described in the foregoing embodiments, the in- 
vention can be also applied to the case where the sec- 
ond light emitting element is what is called a hybrid type 
multiple-wavelength laser as shown in Fig. 2. 
[0129] Further, although the specific examples re- 
garding the materials of the supporting bases 1 1 and 1 7 
have been described in the foregoing embodiments, 
other materials may be also used. However, a material 
having high thennal conductivity is preferable. Although 
the supporting base 11 is made of a metal in the first 
and second embodiments, in a manner similar to the 
third embodiment, the supporting base may be made of 
an Insulating material and a wire may be provided on 
the supporting base. 

[0130] In addition, although the supporting base 11 
(1 7) Is directly supported by the supporting body 2 at the 
time of housing the light emitting device in the package 
1 in the foregoing embodiments, it is also possible to 
provide a placement stage for the supporting body 2 and 
place the supporting base 11 (17) on the placement 
stage. 

[01 31 ] Although a semiconductor laser has been de- 
scribed as a specific example of the light emitting ele- 
ment In the embodiments, the invention can be also ap- 
plied to a light emitting device having other light emitting 
element such as a light emitting diode (LED). 
[0132] According to the light emitting device of the in- 
vention, since the plurality of light emitting elements are 



stacked on one face of the supporting base, it is unnec- 
essary to dispose a plurality of tight emitting elements 
on the same substrate, and the device can be easily 
manufactured. 

5 [0133] Especially, according to the light emitting de- 
vice of one aspect of the invention, the first substrate is 
transparent in the visible region, so that the positions of 
the light emitting regions in the first and second light 
emitting elements can be precisely controlled. 

10 [0134] Moreover, according to the light emitting de- 
vice of one aspect of the invention, the first light emitting 
element has a semiconductor layer containing at least 
one of Group 3B elements and at least nitrogen (N) from 
Group 5B elements, so that the first light emitting ele- 

15 ment can emit light of a wavelength around 400 nm. 
Consequently, when the light emitting device is mounted 
on an optical device, an optical device, having higher 
performance can be realized. 

[0135] Further, according to the light emitting device 
20 of one aspect of the invention, the first substrate is made 
of either a Group lll-V compound semiconductor of the 
nitride system containing at least one of Group 3B ele- 
ments and at least nitrogen from Group SB elements, or 
sapphire. Heat generated at the time of light emission 
25 in the second light emitting element can be therefore 
promptly dissipated via the first substrate. Thus, a tem- 
perature rise In the second light emitting element can 
be prevented and the device can operate stably for long 
time. 

30 [01 36] In addition, the optical device according to the 
invention is constructed by using the light emitting de- 
vice of the invention. Consequently, higher perfonnance 
can be achieved and reduction in size and cost can be 
realized. 

35 [0137] Obviously many modifications and variations 
of the present invention are possible in the light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims the Invention 
may be practiced otherwise than as specifically de- 

40 scribed. 



Claims 

45 1 . A light emitting device having a plurality of light emit- 
ting elements stacked on one face of a supporting 
base. 

2. A light emitting device comprising: 

50 

a supporting base; 

a first light emitting element having a first sub- 
strate, provided on one face of the supporting 
base; and 

55 a second light emitting element having a sec- 

ond substrate, provided on the side of the first 
light emitting element opposite to the support- 
ing base. 
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3. A light emitting device according to claim 2, wherein 
the first substrate Is transparent in the visible region. 

4. A light emitting device according to claim 2. wherein 
the first and second tight emitting etenients can emit 
light of different wavelengths. 

5. A light emitting device according to claim 2, wherein 
the first light emitting element has a semiconductor 
layer containing at least one of Group 3B elements 
and at least nitrogen (N) from Group SB elements. 

6. A light emitting device according to claim 5, wherein 
the first substrate is made of either a Group lll-V 
compound semiconductor of the nitride system con- 
taining at least one of Group 3B elements and at 
least nitrogen (N) from Group 5B elements, or sap- 
phire (AI2O3). 



elements consisting of sulfur (S), selenium (Se) and 
tellurium (Te). 

14. An optical device having a light emitting device in 
5 which a plurality of light emitting elements are 

stacked on one face of a supporting base. 

15. An optical device on which a light emitting device Is 
mounted, the light emitting device comprising: a 

10 supporting base; a first light emitting element hav- 
ing a first substrate, provided on one face of the sup- 
porting base; and a second light emitting element 
having a second substrate, provided on the side of 
the first light emitting element opposite to the sup- 

is porting base. 



7. A light emitting device according to claim 2, wherein 20 
the first light emitting element has a light emitting 
portion on the first substrate on the side thereof on 
which the supporting base Is disposed. 



8. A light emitting device according to claim 2, wherein 25 
the second light emitting element has a light emit- 
ting portion on the second substrate on the side 
thereof on which the first light emitting element Is 
disposed. 

30 

9. A light emitting device according to claim 2, wherein 
the second light emitting element has a plurality of 
light emitting portions of different output wave- 
lengths. 

35 

1 0. A light emitting device according to claim 2, wherein 
the second substrate is made of gallium arsenide 
(GaAs). 



1 1 . A light emitting device according to claim 2, wherein 40 
the second light emitting element has a semicon- 
ductor layer containing at least gallium (Ga) from 
Group 3B elements and at least arsenide (As) from 
Group 5B elements. 

45 

12. A light emitting device according to claim 2, wherein 
the second light emitting element has a semicon- 
ductor layer containing at least indium (In) from 
Group SB elements and phosphorus (P) from Group 
5B elements. 



1 3. A light emitting device according to claim 2, wherein 
the second light emitting element has a semicon- 
ductor layer containing at least one element select- 
ed from the group of Group 2A or 2B elements con- 55 
sisting of zinc (Zn), cadmium (Cd), mercury (Hg), 
beryllium (Be) and magnesium (Mg), and at least 
one element selected from the group of Group 6B 
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D (Compact Disk) 0||4{;fflV^A>tl.'S. fc^^t, CD- 
R (CD recordable ) , CD-RW (CD Rewritable ) 
^)|>V^{i:MD (Mini Disk ) ^ i: Oifili^gl^^ldT-' -f X 

i^^^ieii • m^kzm\^hiix\^t. i/c, e o o nm^ 

iO^t^tils^— •f3fe5&*DVD (Digital Versatile Disk) 

mm-'mMzm\^hfix\^i,. %->x. ±M\.fzi:o 
mit.ti\m^tMmb^£^, L*>t. miggp 

2 0 1. 2 0 2{i. ig-SfiCl (v%*?»9>«>ys-f r»J .y K 
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Sf^^-^^flcW— y'LDi , LD2 {CfcV>T{i:P|— COU 

[00 0 5} tZ^X\ 3nzmm^<^t:^'t^ 

U-^<r>m^nbl.Xii. GaN. AlGaNM^atS 

ir^Ga I nNmmzim^tL^m.'tm^j ii-vm^ 

RGB HJSfeSrffl V ^Z:: 37 ^ -<7)-r c?)3tM 

ms!>^iisttz^^^\^~^<^wimmt.ixx\'^^. 
[0 0 0 6] fi!*. Ga.n^(nv~^^w^^^-th^ 

1 GaAslKiOWif^ia520 1 , AlGalnP^ 
(7)^— 9-'^lig|52 0 2t5il>'G aNI^cT)^— 9'^lia52 
0 3 Sr. ^Ii^2 11a. 211b S:^LTSiC<^ 

^V—^H^mm^iXX^^^ iW^^ 11-186651 

[0007] 

Qa.n^(nU1^bA 1 GaAs^&?)(,'>{iA 1 Ga I n 
[0008] t.ft. \^h^^f^-< -y Kffi^O^^^U- 

-^x'ii. mzm^fcidiz. ^^j^m(r)mm^iz^ 

Bm<^m^±iz^mMt^t. j;:*)^^m^<^mm 

[0009] ^^mitti^i}^i>mm.^.izmi^x^j:^ntci:> 

iz. atioffiweasrWiSJ: < sijtjp-r c t ^ ^ 
mmmv^ti^m\>^ti^mt:mm'r&zti>zhi>, 

[00 101 

[00 11] 2|s:%BJ{cJ:l.fl!l<7)^5ti^S{i:. 



[0012] :^^mzx^^mmii. ^^i>iicr>-mm 
I.Z. mwcomm'Ft/^mm^tix^j::hm^m^mx.fz 
iiCOX'h^, 

[0013] :^mmzxi,m(7m.mmii. ^imt^t . 

z<r)^n&w<r)-m\mzmfi^ti. mi(^mmt:^-t^ 

i^itimtimtmmtitiiicox'hh. 

[0014] :^%mzJ::h^^miiXX/^WMlzJ:6 

m(o%^m.xii. %nmi¥<7)-mmizmmco^m'7- 
^m^tix^^h<7)x\ m^izmi^^ti. ^^-pf&jt®^ 
mmj:<mw:^tix\>^?>, 

[0015] :^WMlzJ:^yt^miiJiX/^%mizX?>i& 

(D^mx'ii. ^^i^i)^mmx<mM^ttx^^^:^^ 
Bm^^m^trntxi^icox'. 4-^miw^^tix\,^ 

[00 16] 

X. mm^m^LxmmizMm-t?>. 
[00171 mi <r>mm<mmi m i ^w^fm 
1 <^mm<7>mmiz(^ h m^m: i o A<mmm^t:m- 
hffixhh. .ico^jiai 0A{4, 3d#af*i it. 
1 1 (ry-mmiizwiB.^ixtz^ 1 <r>mm^2 o 

Wil<7)Wm=f'2 0<7)5d#a*|sl 1 i:S*riB!lfc:i^ 
^fifzW, 2 3 0 i: Sr^B i-t V^^ . 

[0018] 1 1 {±, { C u ) ^fc'CO 

^Etz J: "9 fllB!t$ix-C 0 . IS 1 2 0 *J it^ 

|g2cO^Si^ 3 0 t:*3V^-Cffei L/cflfetriSfiJrrS t- 

tz. m^L^j:^^^m%m.\>znLxmM.mzw^^fixii 
») , n 1 <^^^=^2 0 s-i'haiJigMicjit fcmsvWic:® 

[00 1 9 ] miiOl6^S^^2 Oii:, mtli. 4 00n 

com 1 (n%^=f-2 0 {4. ^Jxtf M^b^BDiK I I I - v;K 
it^^mi¥k^tf:^^l(^MS.2 K^^m^l IfflS 

nM^7-yH)I22. vS'liii23, i^im±m24. p 
S^^^-y H®2 5t5J:t/fp(iny^i?hJi2 6*f||10 

tii. mmmMmmmmi>zisiir^ s Bm7iMm<0'j-hc^ 
'}^*£< i: 1 1 «i: . 'mmmmmziiVrh 5 

^cOp<pOi}'^55r<i:i>M§g (N) t^-i-tftcowii:?: 
[0020] ^f!|s:WC{±, m 1 (r)W^2 1 {4, , 
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X'h?>, =5r*3. GaNJi. ^^^1^ (3 80-80 On 
3W/ (cm • K) fcll5V^f!WS»^Sr^rr«>#ME 

^mzmi^mmx% o . m i ^^^^2 1 ji^o^^ttsr 
mm'th::bizxr). m2(r>^m^3o^zti\,^x%± 

Lfzmi:mm-^^-hi^>^tLXmn^i>XoiZ^j: 

[002 1] nM^7>/HJ12 2{i, ^J;t{f. 
AC m-CS> 0 , n M^m^ai: tT ir-( mti^m^i^tlfz nM 
A 1 GaN (mti£. A lo.08Gao.92N) matJ:') 

mXh^. micr)m^hGai^ In,-x N (fit, 
0 ) rfta^atwj: D-eii^nj^Blt^n^^^FJliiA'jrJii: 

[0022] ^^m±m 2 4 {i. <5l);c«\ m^ti^2 0 n 
m-C&O. prnT-WMtLX-^yA-iy^I^ (Mg) 
jD$)h.!tpMAl GaN (CT^tf, Alo.2 Ga 
0.8 N)«iatc:J:Ofl!JK$nt:v%^, pM^'^ yh'Ji2 

t-C^j/^^>"^A*^BSa$tl.f^pMA 1 GaN (Mi. 
{f. Alo.08Gao.92N) Wi^i,zi.K)^^^ixX\'^h. 

$>o. pmT-mntLx-^y^i^^j^ti^msa^iitipm. 

[00 2 3] pM^'^ v KJi2 50— S5t5j:l/fpllB3> 
:?:J'h®2 6Ji. ^^iiSI:^|tO (Hi twiSV-^TJiiKffitC^r 

2 6J4, mtimm^-ni^tzMLxmrn^ift^ muz 

nkLfz^mAcr):fj^) cO'P^mziki'ri^tlXii^. pM 
rJ :^ hii 2 6 ilXpM^ ^ -y H« 2 5 

<m±m 2 4 i:K*tfflS<:7)Bg{i:-K<l:^^ ( S i O2 ) 

C:c7)pM3>':5'^?b«2 6lCj^i5-r.g>'«1±«2 3iD 

[00241 pm-3v-^^vm26<7ipm9vvYm2 

5tK>f^(iltC{i, pmm&2Qifm^^tlX^^h. Zcr> 
P{i«tl28{i. M;i«\ piiJrjyiJ'i? hJi2 6iO{|J*^ 
t^f^^=J^J>. (Pd) . (Ft ) fcJ;tA'^ (Au) 

^\mmmLtzi:><nx'ih^ . pm::iy9'?hm2etm, 
%mf>zmm^tix^-^^ . ^<npmmm28\t. 4^. m 
mmi 2-i:itLx^m¥fi \hmm.mzmm.^ixx\^ 

!>, ^mmi 2{4. ^ (Au) txXiSn) 

t<r>^±h&\Aixxizx nm^^fix\i^h. 
[0025] mi<7misL2i<^^^^m¥i 1 



^:*fflytw{4 , n mmm 2 9 ij^imt h u—^^m^ 5 0 tc 

1<0S«2 l<Offl!l*-<^. ^^i^ (T i ) tsXZ/TJl'S.- 

■mi(Dmu2ibmmf}izmi^^tix^^^o ^<7)n 
imm2 9{t. tti. \^—fmisi>5ot:ifmmMizM 
LxmmttmsitLxcomMtijmi^mz.x\,^i>. ^1 
cr>m^2i<7)^mii^i 1 tmumzii. ttz. w>2<r> 
mmT3 QKmm-hv-^^m^AQiizn'L.xn^ 
mzw^ h tiihmM 1 3 imsm lt^^s 
^ftx^^h. i^i 3(4. mmMKzi.y)im.^h.x 

[0026] Sic. H 1 <rmm^2 0{45t^:^|6]<0 

-:6-{4vS'ffi«2 3t*3V^TI|^L3t3tSrSl^^t^ 

^-h^^iiim^i>J:olz^^XUt, 
[0 0 271 m2c0^3feSi'3 0(4. Mtif, f^2<7m 
WLSlt. l|2<7)SfiR3 l<^3d#»<5l imiiZ^^yyr 

m3 2^i^Lxm^^ixtz7oonm^ muiiso 

nm) (O^^tBSt^lg^l^— ri&lSa54 0 t . IS2£7)« 

^3 lo^^mmm im^z)<>^yyrm3 2^iti.xm^ 

m^j:v-^nw^5 0h^^Lx\^h. m2cr)mm3i 
(4. i5ij;c(f. oojums^-cabo. nm^mm 
tvxiryfmimm^tirznmGciAsizx o«is$*t 

TV^S. /■<y7TJi3 2(4. (5!l;t.(f. /?$**0. 5;um 

x'hK>. nmr-imtLX'y^mtimM^tifznmGa 
Asizi*)m&^iix\>^h. u—fmmAomr/u 

— r^aSSP 5 0(4. fi?i;t(? 2 O O //mmKJSiTtTJia^RI 

T. i^iiS:^i4nSrmi<ofBte3R^^2 0fc«ix.T'en'i><o 
^mm4 oc^mthmMmt u—i^nmms o<^ 

f*ai^&^3t^I^i:<^P5IS(4^<Jl 20jutnt^'?Xti 

[00281 1-— !ff6i5as4 0{4. mtii. mmTmm 

mmiziolf^ 3 Bj!S7C3gi7)o *>c7)^^^< bi>^V^J^ 

{Ga) t Mmmmmmmizi3if:h 5 bj^s^o 3 

ii'^=3:< i: i> t« ( A s ) i: I I I -^m^t-^m^ 

mHiX o-e^i-rix^ri. nm-^^^ y h^4 1 . mwsA 

2, p^^5-y KS4 3t3<J:t/^pS^-v ■yr«4 4^6*11 
2<7)S«[3 lcO{i*»^>C:OJi(ca«$n;^18fiKS:WLt: 

[00291 mWmiZli. nm^ y y HJi4 1 (4. 

(f. 5x/mT'?>o. nm^umbLxy-(m 
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ij^ma^iltinmA 1 GaA sila^Bt-J: DtSfiSt^tlTV^ 
fi)cCOM^-S.Al, Gai., As (fit. x^Oa^Ht^ 

0 0 n m^^T'ib^ . pS:? ^ -/ ^84 3{±, fiai;t«\ m 
ix/ipSAlGaAsM^tCiO^BR^ilTC^?., pM 

pM^miib Lxmi^ti^mu^tifzpmG a a s tc: i o 

[0030] PM^? ^ y KJi4 3t7)-g|5fc it/p 

[003 1] pS^^ y7-«44<0pS^'5-7HJi43 
fc^iatli, pfi!Wfig4 6*«j^j«$iit:i-»S, >r<7)p 

\m.mA 6 . flji. . P m.^ ^ <y a a cr,mii^ io 
L;tl.«Ot*JiO. pM^A"yr®4 4t€^Wtc^i^$ 

-5. 

[0032] l^-- y^'^m^PS OJi. ^N' y 7 r a 

51^:^^tT, nMi?v-yHB52, vS1i«53. pM 
i?7'y KJI54iDJ:t/^pM^A' y7'Ji5 535ii|g2iOSM 

7C*iOd*)i7)^-^<i:t-f A (In) h^JaWM 
(P) t i-tti I I I - V]^-fh^#««ct: i O-E-^t-f 

[0033] Mi^mzli. yN' y 7 r-® 5 1 {±. ^Jx(f . 
»$*«0. SjumTfcO. nM^fittlJ: LTir^S*^-^ 

y KJi5 2(i, /P^AU . 5^£mT^> 

nm^mmt Lx-y-imMm^tifznmA 1 Ga 
I nPimizx*)mfS.^tix^^^. vS'tiii5 3{i. mt 

X Gay I ni-,-y P (ffit. xS0>^)»OyS0 ) 

ii. mtis, m^t^i. oumX'hK). pM^imitt 

XmU^mn^ilfzpmA 1 Ga I n P^ftB^aCJ: o^sjr 



0. 5uTnXh'0. pW-TM^tLxm^ifima-^IVz 
P MG a a s j; 0 «J£ $ V . 
[0034] ^fc. pM^?5>y h'«54«0-'a5*iJ:t^P 
a^^«y7-Ji5 5{4. ifflC^'S=^(cjgJj!Si:^o-C*3 0, 

-I, . Z(r)^^^^(r>mmizii9:^-:/a y ^«JS5 e**-?- 
ti^tmifi^tlX^^h, io^Mz^ CcOp{i=3f^-yrffl 
5 5fc:Mi5-ti.vitt® 5 3<o^*J|l3K®^i:^o-CV^ 

[0035] pa^A' yrJi5 5<7)pM^7 y h'«5 4 
tRMiilcJi. pM=sf^vrS5 5i:^WtwSfM$ 

fi. mttipmmA ekmm<^m^i:^h pw^ 

5 7*iiS{t<^it-c(.^^, z<7)pmmm5nt. ^tz. m 
mmi5t mmmmi<zj: 'om^^titzi^mm 1 e sr^n- 
t tig 1 (^^/mi- 2o<r)n mmm 29 1 m-mnzw^ 

[0 03 6] tfz. m^comsiS \<rmm\/i^\ 1 fcK 
MMt:{±. l^-- !ff6ffig54 0. 5 0(7)nOn|S®3 3*<?^ 
^$ilTV%S, C«7)n(B!im@3 3{4, mtf. m2<^ 
«3 lCOli*^^>*i:yyWV^'^A (Ge) fcO-^^, - 

[0037] mz. m2<r>w(m'^3 o\i. ^^-m 

<7>m^i.z&m:t^-n(r>mmti^^ix^fi^^'^t ^ 
-oxis*). ^i^—f^m^Ao, so-eii-fmcfct^T 
z<o~n(7)^mismmizm^L^^^-Mcr)m.^m^i}^-^ 
ti^tijm,^tix\>^&. zti(>—M<^^mf^x^t> R 
mm(7)mm^f^ i <o5i^«^2 o i,zmiii>titzm^tKi: 

tjo. mi(omtmi^2ot5xx/m2(o^m^3o<o 
If ^^ila^4 0 , 5 0{i. ^ix-?itisi— <o{i*><i>3b&* 

[0 0 38] Z<^Xo^j:mfS.i^-t^mMm.l OA 
{4. i?!l;t{fia2ic^^L/^J:^tc, y^-z-tr-i^ IcOf^MdZ 

mfi^tixm^^i^tih. z^^^-y^-'Jui. m^is. 

fzm.i^3t^mtX^^h, ^i*:30F^gPU4. 5^*2 

i 1 1 ifi^n^iix^tmm. i o At/am 
^tixti'o, oAtf-^m^tifzmi. sf* 

3<^]R0lliL.Sg3 a7&»ioIR0ai$*t^ J: otc^roT*'^ 
I., 

[0 0 39] cIc7)>'N--yir-i;iH{4^ #tEtt^^ 

•r-S1tlSoe:^4a~4d*sift{t^iX'C*3 0. b°y4 a 

fy4b-4d{4, mtiim^V yySb^S di:itL 
T^ft:2Sr®iiL, S#c3<0|*l3P*»<?>^tc:i«il*"5-C 

mfhtix\'^i>. i^yAhf/ziiv^^reh^ifLxWM 

1 3*««m6<}tcm^$tL, e>'4 c Wiy-f ^6 c?:^ 
LT nmmm2 9i}m^mzW^^iX. t"y4 dlCt^V 
6 d Srtfr LT nflfflU® 3 3 *«mSvWt-lSi^$itT V% 



!(6) 00 1-230502 (P200 1-2 38 



[0 04 01 i<^id=5r^^Sl OAtiiiCiOidlCt 
TSijt^-S.Ci:**'C#l.. ll3Ha5li:. 56M^S10 

[004 1 1 i-f. 113 (A) {,z5r^Lfzi.o\,z^ mx. 
If. J?5-'10 0/iimg)KcOnMGaNJ:0^'2«S^l<?)S 
IR2 1 SrWEL. i«omi<^ft«2 icTJ^MtC, MOC 
VDifctCiO- nSAl GaNvI^J;0'5:^nM^^ y 
Vm22, 1 fiGaNilB^HJ:0^^vS14S2 3. pSA 
1 O Nigs.* O^I.^'(tl55iUi2 4 , pSA 1 G a N 

^MrMl 5 0-C~l 1 0 0X:fiZ^tl^flM'S5-th. 
[0 04 2] <5:*'^T, 03 (B) tCS^LJtidtC. pfflll 

LfflJ 3 ^ h ® 2 6 is iUf P S;?' V H ^ 2 5 0±JlgR 
S:S«ifl<>t::j: y^:^:5^Lt:c:*LA>S-»^»ttfct. pM 
^J'^-/ H®2 5Sr^aiiSiai$-<i:.|>. glv-^T. pPJny 
r?^' hJ12 6±fiO|l^t^<'^-<'X:7S:^iJfflLT. pM^ 

y-y vm2 5<7)mmt5Xx/pm-3y:!'^ hm2 6(7^mm 
3 J: 0 izmmm 2 7 s:?^^-r & . 

[0 0 4 3] «eijiiJi27Sr?fML;t«50*>. pM^^y^^ 
h«2 6£Oftffifci;tX^(03£^lc. 
A, a^tjj:l/f^Sr)i<^«L. pfISm®2 8§:ffM-r 
Jgic:. imt^lM\,z^\'^xm\<r)msi2 l<r)fm 
$r^^(Clf 3f^i6lC. mi<0^2 li0^ffl!JS:f!?iJi.{f 

^y-y'^yyai u'^-k u •/ y ltis 1 co»^ 2 1 

$ ^rfifiJxtf 1 0 0 jw mgJKi: -ri> , 
[ 0 0 4 4 1 iggV^-C. m 1 <^««i2 1 
'f^iig|54 0OiEi§{aE(:Ml5L-C^iiili 1 4 

-5-c7)±tciaill 3$J^fi^-tl.o I— -f^liSP 
5 0 colEISeSti^lB , mi.i>fi-^ yaxl^Tiv^ 
::^^J^^mdmML. nmM29^mm-h> 

t^ti, id^l 3*3j;t/n|fflffi^2 9Sr, pm^y^^h 
12 6 $r4>'i:^t LT 6 0//ingj^'?-n^n^raL;^>:fi£S 

i,zmm.-th. ^(^m. ^tmmmmx'it. ^i<7ymL2 

1 Sr^lg^i^lcti^-^TSB^G a Nt^i *)m^^h i:* 

trv^-sc^T, iii<7)««i2 niy*»<ip«^ffi2 8c^ 

i:>•^^:^^S«J^t3^f^^^:*-'■C§^-S.J:o^^'5:-5'n^■l.. -f 
=S:*)^>. leifel 3iJi:l/fnfi!l««i2 9<^0B£{iSS:ttli 

<DWs.2iim'^'rhGa.ii(^mwfm^^<^x^. mi^o 



aM2 ioff§*n oo^tmm^T'S>-?Tt. •jv^'^ 

[0 04 5] W^l3iii.lfnmmM2 9^m^Ltz(r> 

<r)h. iiTJiHS^L^rv^*', ||1<0^«[2 lSr0Ji.tf 

pi!im@2 8<7):R$:^r6iti^L-c«ii:(wmscoiliT'PgH 

0 , m 1 i^^Bfefl^ 2 03!)<{^ii$ ixh . 

[00463 tti—lf. 04 (A) liZ^LtzXoiz. m 
Hi. JS$ 3 5 Ojum^iOnMGaAsi 0^:1)112 
<7>«M3 1 $-fflSL. ::i7)Sg2(7)S^3 lc7)a®t;MO 
CVD;£lc:J:'5. nMGaAs J; 0^'S»'^"-y:7rS3 
2. nMA 1 GaAs^BJ:'5'5r&nM:J'5-y KS4 

1. Al, Gai-, As (fit. x^O) liaJ:0'S:i> 
vStt«4 2. pSA 1 GaAsiirBJ:0^-i>pM^5-y 
KJ14 3±> il^pMG a A s J: O^Sr-S pS=Sf + •y7°®4 

I^m. Sg2^0S:^3 liO«aSESrm«7 5 0^~8 0 

o'ctc-en-rixPiiii-rs, 

[0 04 7] ;ii:v^t\ 04 (B) i:is^L7tJ: ate. pM 

^A- •yrJS4 4<;0±{^P-1f|llSSI54 0<7)?l^fl£^^SJ« 
^^i/^gS-fflV^-C pM=>f A- -yr® 4 4 ^rSKWCl^* 

L . 7 »/S!^<^x -y i-y^m^m^^x p ss^ a- y rjs 4 

4. pM^^ y KJ14 3. ^S14J14 2iiJ:t^nS:?^-y 

[0 048] ^V%T, 05 (A) {C^tJtJ: ^tC, 
imOCVDmizX*). nMI nGaPilSiO^ri^'^ 
«y7T/i5 1. nSA IGal nPmAJ:0^r«>nM^' 
5«y h'li5 2, A 1. Ga, I ni-,., P (fflt. 
0*>oySO) M^hJ; 0'S:-g.vg1±il5 3, pMAlGa 

I nPiISJ;0=5r-&pM^7-yh'®5 4*>J;lXpSGa 
AsiO^rl.pM^A' ynssSrieiJCBlt*^*!.. 
tj, ;iti(>(7)^m^^^^-^hmi>zii. |g2c7)^3i 

[0 04 9] ^<7)C0-h. 05 (B) iZTT^LtzXoiZ. P 

m^^ 'vrms 5<o±ic^-y^^5 o<J5?^^^^is 

^t::Jk*jetTP>''XMlR2 ^m^SL-t^. igV^T. CIO 

i-yym^m^^x pS^a- y r« 5 5 

L. U>'^5^tJj;tXigi!l^<7)x>y^>'^^?S?:fflv^TpS 

:77-yKJi54, ^1tJ15 3*5J;t^nM^ 7 y h'«5 2 
^mmSlRe^tcl^iL. ^K*<^X yf-y^^?g5rffl 

v^T^^y7r®5 i$r^l)?Wt::l^*^-S>. ^<r><n-h. V 

[00 5 0] P-XXM1R2 ^W^Ltz<r>io. 06 
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(A) iZT^LtzXoiz^ mtif. pM^r^ yrJi4 4, 
^■r>yrJl4 4, 5 5t5J:t/pS^5-y K«4 3, 5 4 

4. 5 5<7)firM^ffl^|,J;at::t-Cl'^l.<^*C\ -en^j 

[005 1] miJST'O .y ^Mli4 5,56 im^LfzCT) 
*>, 116 (B) tCS^UwcfcplC. pM^^rvTS4 4. 
5 5i^^Mt5il^^<Oi£#tC. mJf, :::^>y^^;W. a# 

m^-t^. 5g(c. f^2cr,mn3 icr>mmm^mn£y-y 
\^yi^i5XifAi') -/i^y/'thzti.z^^ . m2<7)mm 

cr>^2c7)mm3 icomrnmi^z. mm. ^ty/v-'?-^ 

%^gB4 0,50 iCftjiOnfiim® 3 3 i^^-f^ . -e 
<0O^, Jlg?!y!!iaS:^TV\ Pffll^®4 6. 5 7t5J:t^n 

L^^^tK f^2comm3iimx.i£r>mmm4 6. 57 

[00 5 2] Zcr>XoizLXf^lcO%^m'f2 0iii:Z/ 

m2c7)^s-?3osrmmfmL^<o*>. 
ii^rmML. mnimmm 1 2 0 m 1 

2 0cO^)i2 7t5j;t/pM€®2 8i:^»*l li:. 

^mm^h. tti, mtammmi 3izxK>m2<r)m: 
m'f-3ocopmm^4 6twimi3tiwm-rhii^ 
iz. Mx.tt^mi6izx'om2(7M^m'7-3o<^pm 

^ 5 7 H 1 co^^-? 2 0 O p film® 2 9 i: $r jg« 
-r^ . ititc J: 0 . la 1 tc;^^ L^cll3t^a 1 0 At,<^ 

[00 5 31 JirtJ, zzxu, -mn^cr»vv:fyy 

n^^'^x.'mi (rmtm^F 2 0 2 crm.itm'^ 3 0 
^wm-h(r>x\ ^ixc^a>%%mm<^{mi>m&^zmm 

[00 541 -^^^{^s 3a#«f*:l lkf^l<^^%=f- 

2 0. i5X-(f^l<7)Wm'?-2 0t^2cr>%%m=i-3 0 
b ^|5lB$t=}f«^^^-^t:{i . 12, 14a. 1 

\,zi^m-rhmmm^±txxt<^-^±\.zx^ii^^L. 



■zm^i±j<zMm.Lts:< X iomnfizii\<^x^mz^-^-*i 

[005 5] ccofBtHSl 0A{±, m2iz^LfzJ:d 

^^■^•yy-i^Hzm/i^ti. <!KcoXdt>zmi^-th. 
[00561 Z(D^mMi 1 0 AXii. ^^•>y "T-'J 1 CO 
:x4 c itXtry 4 a Sr^ LT^ 1 C0^«^2 0 CO 
nJB!imfiB2 9 i: pffl!lM2 8 fctorac^EA^EPlin^ilS 
b. vSttil2 3C©^t*saA$tL, S^-iETLSSS-^t:: 
J: Ol^^t*^'®^ 0.^1 C0^^^2 0*»ii> 4 0 0 n m 

y4b^'ftLXf^2<om(m^3 0<r)nm^m3 3bP 

mwf&4 6 i:c7)P5m^«omjE**Enjn§fii. b . vsit® 

mz 0 . I — •t^'f&ffigC4 0 7 0 0 n m^«oat:^<03t 
*«aiSt;&ii-S. 561=. l^:^4dtiJ:Uftfy4c2:/rLT 
IS 2 OlBtS^ 3 0 £7) n iBOM 3 3 i: P fflljmS 5 7 <^ 

Hi^M^omE*JEran$fL-?. i: > vsita 5 3 

Hugs SO^^i^eOOn m«iO?S*<03t*^aiSt$iX^ . 
[0057] 'SriJ. ^5e<Ol^t={4l»t^*-rs*<, ^ Z 

x'lm 1 <o««2 1 iifiimsmiii^<r>m^^^mi,zx 0 

«RSP5 0fci3C^-m^LJtia{i:. micomm2 1iiJ:X/ 

^mmt^i it:ii-Lxm^HzmsL^ii&> ^i 

<^^m^ 2 Oiz^i^X ^Lt:mi. *Jf«f<sl 1 2: 

[00581 z<7)X 0 iz:^m<ommi>z^i>^^Si 1 
oAizxtiit. mico?tm=F2 0bf^2(o^5m'^3 

ob^nm^hXoizLtccr>x\ mim^i i i-v;^ 

^t-^^#mbAi GaAsi^fcil^A 1 Ga I nP 

5^<7)i 1 1 -vm^t-^wmi^mbt:msm±i>zmM 

%^mioA^m\'-^tni. mmmm^coytuizx 

yt.^^mm.^^m^^'th z b ¥X'% h , 
[00591 mz. w. 1 <7)^m=f-2 1 1 

I - ymt^^^mi^m^^-Th j; 3 ^zm^ l . 4 o o 
nmmkcn>'ik^cr)iti:ii^^'^^bl^fz<r)X\ z<r^^ 
g 1 0 ASr3t-r-f x^ilB^rfc'OitJIStcifSi^Jf . 
J: ^■mmmzmkbnm^ixktity' ^ :^^<^^ • 

[00601 i/i, m 1 <o»K2 1 t:'^W,WmiZii\,^x 

3mxh h mmza 0 m^-ti> xoiz Lti<^x\ u v 1^ 
yy ■itm^m^^xm.m.m^j:< nMmffi2 9t3j;t>'ie 
*8 1 3 srjgfiSc^ I. c T&i'c-^ , ovyyy ^mm^rm^'^ 
x{s.m.mmx<mm^tLtim2<7)W(M'F3 o«opiim 
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®46. 5 7S-«#$-fr-S.vli:(wi:0s lll<0^^^ 

[006 1] JPi.-C, mi<^a<S2 l&f?!ieW<7)^V^ 

0 , 5 OlCfcV^TlBfecr)|^lC^t^clSlS:lll 0^«r2 
1 L-C)2^H^3d#»» 1 1 (-lSC»-r C fc ^^T^ 

3 0^ffilSLrt. l^2£7)fg3^5^^^3 0<7)iaSLh#2:RS 

i-ci . -mmizm-ox^mzmi^^-t^ z t tt-x-^ 

[0 0 6 21 zff)mMm.\oA\,i. mi-^t^ 
m.hLX(7mr^x':^tmm^m.^zm\>^hixi>. mi 
ti. ^<r>tftf ^ y^^smm^^<m^^ws^mzmit 

w<zmt^^w.i OA. tjj:t^*jiispi 1 imm^z 

a^^^jiBi oA*^A>ajit$-i±7"^Bf^o5SBie^«co 

-r5jt*)^>, t'-AXTU y 1 1 2 . n »J;<-;?^ 

yxii3. 55-114, mmmr/-^-^-^ 1 1 

5, n'^VyXl 16. ^i-f-3t^^aiffl^yXl 17. ft 
■t5t«iaiffl^7t^i^ 1 1 8i3j;l/ffi#3t?f^lI]SSl 1 9 

[0063] -f Xi?ie^Wi^ST{l. ^34^ 

gi Q-b^t>\m\^fzmtim^<D±%y.^\i!,m^i^ 

out {4. b'-Ax:r>j<y^l 3 2X'^l!ft. ^u^-^ 
J^yXl 3 3T¥ff3tt=§*i, 5 5-13 4'e^-r 

I.. 3<7)55-i 3 4T'SWUcajat3^5Lout 
^fMT^N-^A-l 1 B^MiStfccT)-^. nmiy^^Xl 1 
eizjiOmt^tix^y'^x^DtzASii-^, ztuzx 

*). ^f^x^Dtzmkitm^&ttL^. ttz. 

LtiJ: oiz^^^miUX^T^X:!'DizxmLfz<7) 

muyxiie. mnmmrj^-^-t' 1 1 5 . 59-1 

14. r?'J;<-:^|xyXl 1 3fcifft:-AXr'J •y^' 

1 1 2^igT, m^mtam^yxi 1 TSriKSL. ft 
^mtam^m^i isi^AWt. zzx-^m^-iz 
m-^s^niKi 1 9iz^\^x^^x 

[ 0 0 6 4 3 , *|IM<^0®lwf^^l%JtilM IDA 
tt. ±^LfcJ:otc. 1 y^-i/F^t^iJRitfl^ tiff 



Lout ?ri^ii<7)3t^^SrfiJffl LTF/r^OliF/f CI t 

t^T^ x-yx. xi^tmw±^m.cofse&it, 

18) iz^m-ttmti^i^ret <^fiis 

tim±x^^. ■t^j:h-h. ^^<r)tm^^^i>zno 
z b , ii^-o^r >f x-j^smrn^mwio^^ 0 * 

[ 0 0 6 5 ] :^mmcrmm(^m^m. 1 0 aja. 

4 00nmByf^. 6 0 0 nm^fc ilA'T 0 0 nm^<03 
S«<^5%5tSr#'5.C:i:**'e§-2.<0-C\ CD-ROM (Re 
ad Onry Memory) , CD-R. CD-RW. MD, DV 
D - R O M ^ i:'OBt^tfO#a3t-r X^ imik(0 Z t , 
m^^mt.^m^:kmM^ ^ X^ t LTtiHi$nTV% 
i)l^*>t9>i)DVD — RAM (Rando« Access Memory) , 
DVD + RWS>SU{iDVD-R/RW5:i;(:D{i*\ M 

'fX^J'^t LT«il$nTV»^DVR (Digital Vide 

o Recorder) 4/^{4VDR (Video DiskRecorder ) 
Wi^^^^^^X^) tCOV^Tt>. tan - H^Srfi^O^t 

Hx^^mm-rtzb i/^x^tun , vm^f- ^ t:Mmt 

^ztib^x'^^t^iiZ. mmLtz^'-i^ mm) 
^mnx-mi¥^x < n±-ti>z tti^x^th. 

[0 06 6 3 55:^3, ^^Tt4, ^3t^Bl OA^^tT^-f 
x9wimM^^iz^mLt;:mi.z->^^xmm\^i^i}K it 

-( x-^M^mm.. ^T^x^mmm. %m^^^x 

^ {MO; Magneto-optical disk) ^j:b(r>slM • SfeS: 
^T d fzubcotrnMn" ^ X9 ^S* I. v >J43iaimilS'Sr t' 
c03»3IS^«tC3iffl-C- S S C: i: Ji^ift, iS^-ClWp-r I. 

[00673 Lm2<Dmmc^imi ^sti, ^ic^HBc^m 

2co|IM(O^SI(=^l>ll3^S 1 0 B<^erS)llt]t$-a-r 

cr>^mm.ioAizt5if^m2co^m'=F3 0izittx 

m2cO^S^6 0S-iii.^Cli:Srl^§, fflSliSBt^B 
1 OAi:|S|— c7)«^. #fflt3j;l^5&mSr^LT».^§. J; 

-p-c. mi<^mm<mmtm~<^m^wmizi±m-<o^ 

[00683 3(s^Mlc?)J^«8t:*i{ti.^2c^3t5R^=-6 0 

{4, mi<7)mm<^mmizinf:i>m2<r)^ytm^3 0<r>u 

— 9''^*i^4 0tCft;t-C5 OOmn^ ((JflixJf, 52 0 
nm) £7)3feS:ai»r^Sg^^— 9-'^Sa57 0Sr<ii.fc^l 
fcJ:t^A./7r;i3 2S:fii;tTV'»:3:W^v:t2:l*$, 
fl!J{i:||20fBt«^3 0 fc|lI-<0«!jatS:^rLTV^?., 
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[00 6 9] ff^iigPTOii. f^2<7)mm3icr,^ 

mat:, mm. ^^-yyrm? mux. n 

7 >y HJi7 2 , ;{f-f K«7 3 . iSttST 4 , H 
mis, pS^^-yH®76. lll<7>pM*^*Ji7 

7. ^2<7)pM^«#J17 8. pS^tS?^ii7 9t5j;lX 
pfflH^y^J'^? he8 0*^'IS2<7)SiK3 1 <7)fl!|7!)>4.::i7))li 

{f . aiS ( Z n ) . * K ( C d ) , 7k^ ( H 

g) . <UU'^A (Be) t>J:tJfVi?':T-i^'>A (Mg) 

m(^d-h<7^'>^^j:<ti>imt. m.n(s) . (s 

e ) tJil/r/WU (Te ) J: 0^-5>®^^^M«fct5 

Its 6 BJ^TCSP^O d *><^ii'^^< i: 1 1 at Sr-^t? I I 

[00 7 0] ft«sW{::{4. >N'<y7r«7 1{±. ^J;c{f. 
nS^*fi!|Jji: LT ^-^ lg*«»§ix/^: nffiG a A s 
nS^S«e^!5i: LT^S (CI) A^^P^iXTtZ n S eH 
t3j;t/nM^$iE!|?!Ii: X^X^mifiWrn^ivTci'L n SS eii 
2 <7)aM 3 1 cOffla*^ 4. i cO)l|StCfi!<Ji$ tLit t CO 
^{^if^JiC'yi.if 1 OOnmT?)!., nS;77 

t Ti^*7b-'^jD§ll.3t nMZ n M g S S e ll^tC J: 

0. lMm-C'*0. viW^^hX^X^mifm^^fx-tz 
nMZ n S S e?lB^H25'&''^{J:^f^Sr^l)DL'SrV^undope 
-ZnSSeilB^Bt-J;OmSiX-CV»-g>. YS'tt«7 4 
ti. <!a|i.{f, Jf$*«2 0nmt**0. fflfifeOS^^Zn 
, Cdi-x Se (flL. x^O) jiaiCiOm-eiXje 

[007 1 1 H/17 5{4, mti. J?$**0. 1 
m-C'S> O , pM^MiKsi: tTS^**»$n:'ipMZ n 
S S e ig^fcS iHi^^fiifiDSr^P L^t< -kundope- Z n S 

<5l|i.(f , /f$An. O/xin-C'?)^. pM^ilUfcL 
TS«*^'^.JP$it7t pMZ n M g S S e ^Sb^bC J: Offifi^ 

ijfo. 2umX'h*). pmpr-makLxmmti^ma^ti 

tzpmz n S S e ?ftB^BtC J: Offi^^ixT V^l. , m2<7)p 

pmr-mab txm.mf}mi}a^tifzpmz n s e j; o 

3 5 n mT'ib 0 , pMT-W^ k LTSS^^BJD^iXJ^^ P 

Mz n s e i^t p MT^m'^t Lxmmtimim^ixfc pm 
znTemt t^^mzmm ^ti^ztdzx^ m^^ nx 

v^l). pfin^r^^hJiSOti:. 0«l;ttf> ff$**0. l 
[00 7 2] ^Srii, miOp^^^#«7 7<7)-H5. m 



2i0pM^^#:«7 8, pSiStS^'Ji7 9fc J:l^pi!l=i 
^>nTv^?.. -^^^J^d, p{|!l3y^':7hJi8 0tc^fl5-r 

-1. vSftii 7 4 (Tmmti^^i^m t^-^x^-^^, 

[00731 pfflll^y^'^' h^S OcOp^ffr?® 7 9 
tS^TfflBtwti, plB!|^flg8 2*g^iac$nTV^«.. iiOP 

Il!l«fii8 2{4, mtli. p(ia>:?'i?hJi8 0c7)(ffl*> 

(Pd) . &±tixx/^iim!mmtx 

8otmMmzm^^tLX\^t. ;i<7)pm9MS2ii. 
tfz. mmmi s^-ftLxwrnisf^miizim^ii 

X\'^h, 

[0 0741 Z(^j:o^j:m^^^'^hmmm.l OB 

mmmi 0A(r>m2<7)^m'f3 0i,zittxm2 
co^m^T- 6 0 ^mm-th i Sr ^§ . m 1 

® i: L X hZt i)^X ^ h . 
[0075] ■r^**-*^. IS2«0^3tm-f-6 0 ^i/mth 

mz\i. 4-fii9 (A) t^L/iioi;. mi(rmm<^ 
mw^tnmzLx. mm. nMGaAsi 0=5:^^2 

(50SM3 iCO^ffitCnSl nGaPiiS<fcO^^'''<'y7 
rJg'51, nSA 1 Gal nPiiaJ:0'5:'i.na:J'^ y 
K)i52., Al, Ga, I ni-,-y P (flL, xSO*> 
OySO) ?l^J;0^l>V§tt«5 3. pMAlGaIn 
Pil^ i 0 ^-2> pSi? 5 y FJi 5 4±J il/pMG a A s 
iO^'&pa^^-yT'/iSStrJiiiX^^^-ltl.. . 
[0 07 61 JJ^V^T. 119 (B) tC^Lf^J; pS 
=3f ^ y Tii 5 5 i7D±C f ^ffigP 5 0 CDmf&f-^mi^ 
izMJ&LX. mmCVD (Chemical Vapor Depositio 

n ) mizx 'oi:mit^-<mf)i>\'^iimit^^m ( s is 

N, ) XK>^h-?:^^M^m^^i>. M\<^X. Z(r>^x 
^M^mmtX. mm. RIE (Reactive Ion Etchi 
ng;SlSS14^^>'X y^y^') ^t'<^X>y ^y^^Sr^T 
V^. pm^^r-/ym55. pS^'5vHJi54. vgttM 
5 3, nM:7^yJ<Ji5 2t5j:l^^s'»y7rJi5lSratR 

mizm^-t^. 

[0 07 71 m^^x. mo (a) i^rTrctJtidt:. 1^ 
2COS5K3 Ico^Ht::. «?!lHfMBE (Molecular Beam 
EpiUxy.-Hi-^Jil^-^^'^-) miZX'O. nMGaA 
sUh nMZ n S eMi: nMZ n S S e?lfB)Kfc*iC:cO 
imznm^tLfz^<"/yrm7 1 . nMZnMgSSeM 
AiO^r-S.nSt^^ y K®7 2. nSZnSSeSfti 

KJi7 3, Zn, Sej., Cd (fIL, 
0) vI^8j:0'3r.|.vS14a7 4. pMZ n S S eflSJ; 0 
¥mi 5, pMZnMgSSeiSaJ:i3^r.2>P 
M^'7"yH®76, pSZnSSeiftH^HiO^^^liO 
pM^#f*:ii7 7. pSZnSe J; 0^-5)11 2c7)pM¥ 
^#:il78, pMZ n Se^hpMZnTeMi:7&*3£S 
tSJi$n7t:pMS«^=-ii7 9:B<fctf pffiZ nTe J: 0 
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[0 0 781 •eX^:'M^^LJt<^*>. SIO (B) 

i5J:l^l^iOpM^#:«7 1 ffy±Mmz^ 

5 0.70 <;0^^1^<7){aa5:»S|tc«^T# ^ i ^ 
[0079] miJJT'n -y ^^1^5 6 , 8 1 ^B^LticO 

^ hmsocr)mmiiX-u^^(r>i&miiZ. mut. n^v^ 
A. ^■^iii.x^±^mfmm\^xpmnm.B,2^wM't 
rn^^x. i^-- r^iisi55o, 7 oinm^'i'^m.mz 

[0 0 80] pM^y^'-!' hm8 0i>''h^<-yyrm7 1 
®Bi5 7. 8 2t3j:l/fnJiyttlB3 3$r-?-n-fn-^^-(t-r 

mmz. m2<omm.3 i^mx.iipm^5 7 . s 

2c7);^§:^iPit;:ihrtrSiStcm^«oi|i-CMg3L, ^^t)^ 

mmiz-ncnm'sLKc^^Rmm^^mm-i', mzx 
[oo8i]ioj:d iz:mm<mm^tzm^^^m i 

0 B iiXjJ , 4 0 0 n m^cr,±imf^m^j:m 1 

2 0 h , 5 0 0 n m^cO^Sr^^fg^ U— ri& 
liSS7 Ofcit/7 0 0 nm^i7)3tSrl63K^fl^:U— 
iigP50$'W^?.m2 <^3fc5g^ 60i:*^ii.l.J;dtC 

Lt:<r)X\ # (Red =R) , ^ (Green =G) fcit/W 

(Biue=B) co3isfe<o5e$r'eiX'eixaji«-i>^3tiia 

[00 82] ^tJ, Wd^UX Q^^y)Vijy-m.^ 

wr>%m}i\^xmm-fh-^h^\z\t. ^•is^2 3. 
5 3.74 i:m^-t^nm<7)m.^mK(,zmm-ti> z t 



[ 0 0 8 3 ] 0 1 2{i, ^mm<ommizgi,^m^w: i 

0 B$rfflV^7t^^S 1 2 Oi7)ilHI&:«fi!t^^-r tcO-C^) 
<IC7)^S^^^1 2 OU. 2 1 i:, iEISS 

mi 2i<r>-mmtzmi'r^tit-^ms&cmmiz^i>^ 

<DmMmioBtimx.x\^&. ziii^<7)m6Mmi 

0B{±. mm, ^ti^tim2l,Z7]kLtiXo^^-<y>-- 
i^lizmfi^tlXH'O, M^TXN^iJ (fit. M. N{ig 

im. Ell 2{c*5V^T{±ElS^L'5:v%Af5. ^ij^ri*l 

ioj^aiE^ 1 2 2. 1 2 3 *5imTr6ic73^tjiia^ 1 2 

4 . 12 5 j&i-eixmJ^fiitS ilT V . 
[0084] 01 Bti. COa^ilgl 2 0c7)iBf!>llI» 

1 0 Bio^^itsfisi 1 iiv-(^(.zx y)n:fff^(^)^mmMi 
i2 2izmm^tixii*). m2<7>^m'=Feo<r)nmm 

fl63 3{±'7>f-Vt:i 0?iJ*|6j<7)^taiSlll 2 3t:«f^S 

ixTV^^. i^^, WiMl 3iin:fj\^cr>^mmmi 24iZ 

mm^iixuD. mi<^^m'^2oconmmm2 9ii 
u^^izx m-j}f^(^^Mmi 2 5i,zmm^tix\>'> 

ms^izwm^tixtsK). «io$ijfPgi5*»^><7)fi#iciEtT 

[0085] *IIJfeom«0^3(^a 1 0 B{4. 

ys' y^-v'l (^2) C0ey4dfej:t^tr>'4b5r:n-L 

X nmvM 33 1 pmmms 2 1 ostw^*iEpjD$ii 

I. i: . vStt«7 4 tm»S*>'^$ix> m-f—jETLWi^ 
tcj; 'Om^ii^BZ 0 . r^iiSi57 0*>i?> 5 0 0 nm 

co^mm 10 At mmiz^m-t^ . 
[00861 im3commff)mm} 0 1 4i4. ^mnco 
% 3 (rmm.<mmz^hW63(Mm. 10c <rmmm.^^ 
-fiiffyxhh, z<r>mmm.\Qo\t. mnomii&com 

m<r)^^M. 1 0 Ai: J3ttl>m 1 (^^m^^ 2 0 i>zitx. 
■CIg 1 <7m^^ 9 0 i:^ttiZ t . Hi^X/^^W 1 
Ucft;lT5d#»«tl 7Sr1ii.Jtc:fcS'l^§, flW±mi 
i^HMcoJ^ffiolB^^a 1 0 A i: |5l-co^S)S . f^fflii «fc 
X/^^^:^LXy.^h. i^r, ^l<7)|ISfeoj^^i:Pl- 

[ 0 0 8 7 ] 1 c7)^3tS^ 9 0 1 2 0 

<S^I)^{i^ 1 cr)W^9 1 iOlifi!cW5|£t;<)^B'Sr^ 
i i: T-J) 0 . 0iJi.{f /ISs&^'S 0 u mmm.<^^y r -i TIC 

x^m^^ixx\^h. tea. ^VT^Tit. wm:^m 

xhhtmz^ G^ntnm^z-^nmmizii\^xm^m 
mmxhh. ^tz. ^ic^^3ts^F9 0{4, nicos^ 

9 lOPJKfcBt:. «?iJx{f. J<-/yrm9 2^i]-L 
X, nffl|3y:5'^'h®9 3. nM:J'7 y KJi2 2. Stt 
Ji23. '^Wi±m2A. pffi^'^y HJi2 5feJ:tXp 
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m^y^^hM2 63&>'micOS«[2 10«l!l*»<?>^0)iit 

h'Ji 2 5 i: WMM^zM p WmM. 2 8 tiT y^^h. 
[0088] ^<-7yrm9 2},i.. mUi. W$*«30n 

[00893 C:<0n{l!|3>'^:7he93K:{i, nS:77 
>y H« 2 2 . iSttJi 2 3 , ^Mkllfeih® 2 4, pM^ ^ -v 

McOJg®-C{i, pMi? 5 y h'J12 5 , ^MtlSiU12 4 , 
2 3 fe ct tX^* ^ y KJi 2 2 COfflS® t> S a J: O {C^ 

[0 0 9 0] ^mWl Ht. §-fbT;US-'>A (A 1 

7 a t-m^i^iX^ ii^i.Z^ n HBffi 9 4 t^JiB LT ^jR 
iO^-SieSSl 7 b3&^'^(t^<XTV'>2., pffi!imfii2 8fc 
Kigll7a. i3j:t^niamSi94i:iEI8l 7bt{i-eix 

-s^ii. 12.1 s^itLxm^zmm^ixx^^ 
[009 1] m\<7>mu9 KTy^mm^ii 

M<iltC(4. lll<?)^«JBlli:Piat3iiail 3*mtt^ 
^11. i: «(3 . ^ 1 <nmm<7ymm<r) n fffl€S 2 9 left T 

^-i>'?6iiSP5 0 ■i:^m'mm.\>znLxmm-^i-z>sb(n^ 

IgiO^T-SiEHl 9**iS(t«oti.-C<»^'&« 

[00 9 2] tea. ^(r>mtmm.i ocu, isio^m 

y^^hfih. cico^N'-y^r-x't'ti. -^W(^-m\mzim. 

^im^thixxa^. imM<n±.\.z-^^m^i i^mm. 

iS«13, 17a. 17b. 1 9fcJ;t>'niB!l«|i3 3i: 
[00 9 3] .lO^SISl OCti. }!K(7)Xol>ZtXm 

[00 941 t-r. m 5 (A) iZTT^Ltixoiz^ mz. 

Wi9 1imML. lVlOCVD^(cJ:0mic0S«^9 ICO 
c ® . ^$4^^ ^JO L^V ^undope- G a N S V ^{4 n 



aGaNJ:'9'5:4^<y7rl9 2$-^:R$-ti:S. ^(T) 

m. mi(r>mm9i<r>^is^i:mx.ii5oo'cfrh. hk 

\^X. A y 7ra9 2c0±{3. nMGaN O^-Snii 
3>':J'^h®93. nMA 1 GaN^gSiO'Sr-SnS^' 
^>yH)i2 2. I nGaN^i^BJ; 0'S:l>iS1±®2 3. P 
SAlGaN?l^J;t7^S^-fl:|S6±li2 4. pMA 1 G 
aNigaiO=5:SpM^'7-y HS2 SiSJcl^pSGaN 
iO=5rSp|l!l3>';5'^ h®2 6$:)!l»:i£:^$-<*-|). ^il 
^>(0#)i^)g:S$-t^S^tc{i. ^lco«^9 lc?)ifflK^ 
(?!|tii750— 110 O-CO^SOiaStC-eiX-riXPffli 

[00951 igEv^T. SI 5 (B) li^bJtidt::. p 

{irjy^^ hji26, pS^^ yKB25, ^im±m 
24, vg14«2 3*3cfct/nS^7 y HM2 2S:Jil»:x-y 
^yi/tr, nll!l3y^':;'hJi9 3<7)— SR^raBtc^tB 

x^^fiJfflLTfi?iJi.{f R I E^^cJ; 0 PM7 7 -y KB 2 
5c7)Jigg|5tsJ:r;"pi9a:^:?':7 he2 eSrSBw^^^fc-T 

[0096] (X\'^T. -^irmm.mizji'y'f'y^Lti^ 

izj:^-mity^mxK>^j:^imm2 7^m^-t^. -e 

xxfui') y i^yy\^x^i('ymi9 \ <r>m^t:mui\ 

[0097] ^\(r>msL9 i^m< Lti<r>-h. mi(D& 
m.9 1 cr>/^ -y 7 r « 9 2 tmMmi>zmM(o&mi>zwiMk 1 
3.19^ -eti-r^i-j^^^s . -1 -I -c-fi. m 1 (Timm 
mmtmmi>z. micDmm9 1 ^^MMJ^t-fci/^-c^Ba 
^mmi'ZXKfm^Lx\>^^cr>x\ micomm<mmtm 
mizwm 13.19 (^mmmtrmmizmmx^ s j: 0 

[0098] igV^T, pM3>:? h12 6c7>a®*3<}; 

^3tt. P(fflmai2 8f:je«i-|., nlfflay^'^ 
M 9 3 <^^ffltC0iJ X. tf^ >'tJ i tXT/W 5 -"7 -i. m 
iX^^L. niIijm«g9 4S:J^B!c-r-?.. W>z^ tV^iSmk 
fi^t'K pi!|^ffi2 8t5j;tN'niiim®9 4S:-etL^"tL-^^ 

9 1 ?r^i.{fpffl!l«S2 8co*$::^r^tSi£ic:m^<?)ili 

J: 0 . Ill (r>mt%=f-9 om'm.'^ix^ . 

[00991 <JiCV^-C, ^l<7)|ISficO0fi|fc|al«ilcLT. 

ig 2 <^^«i^ 3 0 ^fm-r s . 

[0100] ^«C0*> , ^ffitwie^ 17a. 17b$r-e 
ii-etiJglSL^^d^f^sl 7m«L, it««l 2tcJ: 
1 <0^5tS^9 0Oplimfii2 8 fcffiiKl 7 a t Sr 
ti«;il 8t:J: OnfI!l^9 4i:gaia 
1 7bi:^g^«-r-S. ^«1 5(CJ: Om2c7)% 

3 0 CO P 4 6 i: iiiiyL 1 3 1 2r«-r i: ft 
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[01011 z.<7>3;ioi.z::mm<mm^zmwmmi 

<^mm>mMt mmz . ^ i co^^t*^ 9 0 <rmtmi 
iiXv^m2(rmtm'f-3 o<n^w^<^^wkmm\izm 

[01021 ]a±, HtfeomSr^tfC^ffeBBSriftBBL 
^Wm±±Mi^<mW,zm^^tlhiyff)X:\t^j: 

<. m^^^mx'hho mtii. ±tmm<mmx 
(4,1110^^^20. 9 0isxx/m2<7mym^3 
0. 6 oi,z-:>\,^x. mim^j:mmmmcr)-m?:mifxm, 
m L^*«. ^^Mii^ 1 (on^=F 20. 9 0 * :t {±m 
2<7)%5fc«^3o. 6 0i}m<7ymm^^tx^^hm-^iz 
-y\^xi,mmizmm-rhzkti^T^t, mm. f^ico 
^m^^m 2 co^m^ 3 0. 86 1 mm^zm^r^ 
v^'mmizx'om^^hm^bLxhx^^L. 112 
(Tt^m^^m 1 20, 9 0 1 mmizzM-ft 
~>'j 3 y^t'x^^j:6^mizx 'ommm^i-^m^t 
t-ct J:v^. ±iesiM«oj^«-ci±. mim^Mt 

■r^mizmifxmm tfzt>^. m'^mm<o^i^u-^ 
[01031 jgt:. ±mmfi<^mmxii. g a a 

1 Ga As^Jd±I>'A 1 Ga I nP^CTiit^ifyXO^^ 
#a M O C V D at J: 0 fM-r -2> J^^t^ov -^Tl^BJ L 

m^^mzj:r>m^-ri>xoi,zLxi,x\'^. 
ii^<7^mmx'it , z n s e m<Dit-^^x 0 =Sr 1. #^ m b 

E&tcJ:OJeja^-S^t-o(,-»TStB^Lfc*«. MOCV 

[01041 Mtx . ±mmmcommxi±. m 1 com: 

m'T2 0, 9 0cr>mi<rymL2 1. 9\^m^'thnfA 

\,z-y^^x^^m^^wxtmLrztfi. \mMmzx 'om 
m-^xoi:zLxhx\^\ fiL. "^mmAzax^xi&m 

mAX'hixi,fX f)Mt Lv\ ^Oi; 3^«i|stt LT{4, 

[01051 MtiiJt. ±Mim3<^fi(r>mmTii. A 
I GaAs^cOl^— fPHiSP4 OfcA 1 Ga I nPI^O 
I/-- r^liSPS 0 i: S:^rr^Sg2c7)^^^ 3 0 ^fiii. 

2(r>mm(mmxwimLtii>(7) (m2<om:m'=f-6 0 > 



[01061 jpi.-c*/i. ±ie^ifei7)j^}s-C'ii. m «^ 

^S^2 0. 9 0fcm2O^Sl=-3 0. 6 0i:*^S 
I ^TiiiBH t z::*^. 11.17 (7)~mmizm 1 

iBt3R^^2o. 9 0i:m§mmth:iti>-simThh. 

[ 0 1 0 7 1 sgt:^ y.: . ±iailMoff^W4, m 1 
3t*-?2 0 . 9 OtOH^gP^&i 1 o-CS>«.%&t^oV^TiJi 
Bfl t |g 1 <7)^S^ 2 0.90 l±1^<0^SI5Sr 
^t-Cv^TtckV^. B:«sWl:{4, ^2O^m^3 0i: 

\>\ ^(om-^izit. ^u-^m^momM^m-'X' 

V ^imMI>Z'0\, ^X i> ^—TS) -:>Tt>J:V^L, p^ro-CV^ 
[01081 sgtili^c, ±!S^Sfei7)je.®'Ct±, f^2<7m. 

<7ymil'OXh'yXhX^''L. S-ot^XtXh-oXi^X 

[01091 i}Bx.xtfz. ±sdmm<^mmx'ii. w.2<r> 

^«^3 0 . 6 0*H^i?m>^t yj ^'-/^'MiO^lft:^ 

2<^^^n=f-im\ 7tc^L7ti o^v^;b»9>i.>'N'Yr'j 

[01101 mz^fz. mmL<mmQ\t. 

1 1 . \ i ^mL'thVimz-:>\^xwm^mfxw^ 

Ltc^K mcr>mAizx'om&'t^xoizLxi>x^\ is. 

mtimitixx/m2<7)mm<7)mmxu. ^mizx os: 
nm>^ 1 1 t:mf&-t^ xdi,z tfzt/^. m 3 commcomm 
tmmi>z. mmmi^'t&mmizx'o^^mm^ 

[01111 tatxtfz. ±imm(7^mmx'ii. ^^-/^ 

-=J 1 tJRiW-r ■S.l^tc . 2 tc J; D E^^dtS* 1 
1 , ni^^hXo\.zl,fzt)K 3dtfls2t::^^2: 

iftft. ^(r>wm.-^<r>i.i,z^^m¥ 11.17 ^im^h 

Xo\,zl,X%,X\^, 

[01121 ^\,z±tz. ±Mm^<mmx\.t. mM^f- 
hLx^m-iiifii^-^imiii^mizmfxmmLfzijK 

Wli. m.y^^—\^ (light emitting diode; LE 

D) ^j:i£<7)m.<7m^m^^mi.tz?tmw,z'o\.^xi,m 
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[0 113] 

jsi 3w^-m*»l^Bcfe^!ioll3l^g^cJ:i^^^. ^ 

t:cDX\ mi<m^i'im-^^^izmm^i>'^m^ 

1 0 1 1 4 ] itttc, m^m3im<r>mtmmzxtii,i. 
m 1 <^mmi3^nmmizi5^^xmmx'h i> ot, mo 

[0 115] tt:. m^5Mmcm^mm.izj;:rn£. 

m 1 cr>^m'rtK 3 Bm7tm<r> 0 ibCTi'^^ < h 1 S 
S:*-r-S i 0 l,ZttiC^X\ m 1 0?BI£§R^l±4 0 0 n m 
S.t:^mmizmmtiHi. J: Oae8g^r3^M$r^3S-r 

[ 0 1 1 6 1 msmesm<^^mmizxint. 

B]^7ts«oo*.oii'-^< t i^mmtiiitim^m^ 1 1 
I -vmit^^mi^itiii^yr^Tizx 'omm.-t^ 

Xdiz Lfz<7)X\ 2 <r>^m'7-izi5\,^xmt<^mz^ 

^Ltz^.^micomm^iffLxm'^Mzmirr^zbt/^ 

# . ^f^mizm-y x^Mizmm ^^ztt^x-^^. 
[0 1 i7]mz.x. mmi4tf^iimmmi 3am 

(7)^w.t,zxmt. ^^m<^^^w.im\'^xmm'r?> 

Xdiz Lfzcr,X\ mmtitt:m^ Zt*-X'^ ^tmz^ 

mi ] ^m>M(^mi(omm(ommz^h^mwi(om 
f^^mi-mmmxh^, 

[m2 ] mnzsr^vfcm(^mtiimti^tifz^'<'y'r'-'J 
[H 3 ] Bi 1 (cs^ Ltim^mc^mkum^mm-hfc 
[134 ] msizMK^JM^mm-r^tiifx^mmmT 
[051 m4iz^<mmxmtmt^tii!f>(^mmmx- 



[117 ] m 1 iz^Lfz^^Wirm^^ti^T' -f X^'iai 
[08] :^Wmm 2 <7)|lifiO}g®tC<^«>li3l^S<0«| 

m9'^ms^zfi^Lti^^m.cn>m^-)im^mm-htz 

ib<rm^Xh^. 

[010] ll9lc:ig<S!UtXSS'iJtBtr«.^ci'><7)W®0 

[01 1 ] Ell o\<zm.<^JM^mmthtz>!b<mm 

[01 2] 08t7PL7t5B^SSrfflV^:^*^^<?3lR 
[0 1 3 ] 0 1 2 1:^ L^vT^S^SiOlEWKllSSi^gaJSr 
[014] 4:||BJ«om3cOlD5t<^J^®lw^i.^B(^S<0 

[0 1 5 ] 0 1 4 ic:^^ LtzM3imm.<o'^-nmi:mmt 
[016] tJ!3i«o^§is<o-fiifiKMS-a-refia0'C'* 
[017] wk<r>mt^m.<r>mcomm^^m.'fmmx 

[018] tM*co^ilM«^sgtc;fl&<?)W^«fy$-ai-|lr® 

2-5a#f*. 3 "S#:. 4a~4d- 
h'^-. 5 a — 5d --*e^»jyi/, 6 b-6 d - V-f-^', 
lOA. lOB, 10C-^3^S. 11, 17-5d^ 

12. 15, 16. 18-fi»ii. 14-itei» 
ffil, 13. 17a. 17b. 19 •ieH. 20. 90 -- 

m\<^mtm=f-. 21. 9i-iiic^*«[, 22. 4 

1. 52. 7 2-nS^'5-/ 23, 42, 53. 
74 - ySttS. 2 5. 4 3. 54. 76-pM^9>/h' 
26. 8 0-p|ffl3>'^'^ bii. 21-1&mM. 2 
8. 46, 57. 82-pffl!l«@, 29, 33. 94- 
niiim®. 3 0, 6 0-m2<r)^±m=f-. 3 1-gg2<7) 
3 2. 5 1, 7 1, 92 "^^-/y rm. AO, 5 
0. 7 0-P-— r^^gP. 44, 5 5, 7 7-pS^-v 
•y7-Ji. 4 5, 5 6. 8 1 -SSSrn ^'^IgJ, 9 3- 
nfi!|n>':?;7 VM 
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